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I  Ik*  ouiitrolh'd  atinos|ilK*r<‘  fiiriiuro 
are  iiiiportaiit  8pots  in  the  Superior 
plant — for  two  reasons. 

First,  by  annealing,  tubing  Mbieb 
lias  beeoine  bard  tbroii^b  eobl  drawing  is  made 
workable a^ain.Seeond,  the  eonsistently  bright  rniisb 
which  identifies  Superior  tubing,  depends  in  gr<‘at 
measure  on  the  rigid  eontrol  of  atmospheres  as  well 
as  temperature.  There  is  no  seale  to  mar  the  finish. 

e  take  great  care  with  annealing.  Before  a  job  is 
put  in  prodiietion.  the  annealing  sebedule  is  just  as 
earefiilly  worked  out  by  our  Mt'talliirgieal  labora> 
tory’  as  the  drawing  schedule.  Vi  e  have  s(‘t  a  limit 
for  the  Rockwell  hardness  beyond  wbieb  no  further 
drawing  may  be  performed  without  an  intermediate 
anneal.  This  is  essential. 

So,  hen  the  ‘heat’  is  on”  at  Superior,  the  proper 
treatment  is  being  given  at  tbe  prop«*r  time.  Infinite 
care  to  every  detail  is  the  only  tray  ire  knotr  of 
producing  small  tubing  of  ‘‘Superior^'  quality. 


THE  BIG  NAME  IN  SMALL  TUBING 


★  Tube  Designers : 
Tubes  for  anodes  and 
cathodes  in  various  anal¬ 
yses  and  specifications 
are  available.  Do  you  have 
a  problem  .  .  . 


NORRISTOWN,  PENNSYLVANIA 
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►  FM  .  .  .  As  this  is  bt-intr  written  an*  iikhv  t-nicii-nt  and  hava*  a  minimum 

enjrineiTs,  ami  othtTs,  at  Washintrton  of  harmonic  ami  phase  distortion  prod- 

are  dehatiiiK  what  to  do  with  frequency  uct,  and  improved  scanninjr  devices  re¬ 
modulation.  In  resp(»nse  to  the  article  duce  the  flutter  content  to  less  than 

“Frequency  .Modulation,  a  Revolution  0.2  per  cent.  These  improvements, 

in  Broadcastinjr?”  in  our  .January  issue  combined  with  similarly  a<lvanced  re- 

of  1010,  several  interestinjr  comnuMits  conlinjr,  plus  noise  reducing;  tt'chniques 

have  been  re‘ceived.  Two  of  them  are  have  practically  eliminated  audibly  re¬ 
quoted  below  as  beinjr  characteristic.  l)roduced  extraneous  noises  and  have 

“1  believe  the  rea.son  the  public  has  allowed  the  extension  of  the  frequency 

not  been  sold  on  hijrh-fidelity  is  because  spectrum  so  as  to  re.semble  curve  3. 
the  public  hasn’t  had  any.  My  only  "Improved  reproduction  has  been  sold 
contact  with  the  subject,  aside  from  my  to  the  theater  public  and  the 

own  band-pass  receiver  (TKF)  has  theater  owner  because  there  is  a  dif- 

been  confined  to  sound  reproducin^r  ference,  and  radio  can  do  the  same 

e<iuipment  in  the  theatres.  sellinjr  job  when  it  trives  the  public 

“In  the  early  days,  a  typical  elec-  something  better.” — Pierce  J.  Aubry, 

trical  reponse  of  a  trood  film-reproduc-  Birmingham,  .Alabama. 

him:  .system  was  about  as  shown,  and 

acoustically  very  much  as  jriven  on  “A'our  article  in  the  January,  1910 
Curve  2.  Due  to  noise  and  irreirulari-  issue  is  very  interesting  to  me  even 

ties  of  a  mechanical  nature  which  though  I  am  strictly  an  amateur  when 

resulted  in  flutter,  the  h-f  eml  had  to  it  comes  to  radio  mechanics,  and  even 

be  cut  to  avoid  harshness  and  ‘trarjrle’  thoujrh  I  am  completely  unable  to  un- 

with  a  consequent  decrea.se  in  intel-  derstand  a  lot  of  the  technical  terms 

liyibility.  you  have  used. 

“The  most  modern  systems  use  am-  “However,  there  is  one  subject  you 
plifiers  and  circuits  desijrned  to  allow  cover  that  is  more  than  passing  interest 

full  rated  power  with  a  total  distortion  to  me;  that  is,  the  question  of  whether 

tif  less  than  1  per  cent  ( 1  per  cent  is  the  public  api)reciates  hiph  fidelity  or 

quite  noticeable) .  Speaker  mechanisms  whether  it  doesn’t.  It  is  my  opinion — 


too  1000  10, COO 

Cycles  per  Second 


still  sjieakinjr  strictly  as  an  amateur — 
that  the  apparent  apathy  of  the  public 
is  due  not  to  lack  of  appreciation,  but 
rather  to  inability  to  pay  the  premium 
prices  now  bein>r  charjred  for  .so-called 
hi^h  fidelity  receivers.  Time  and  time 
a^ain  I  have  heard  people  say,  in 
effect,  ‘Sure,  we  like  to  hear  hi>;h 
fidelity  reception  but  we  can’t  afford 
to  pay  $200.00  or  $300.00  to  get  it. 
We  can  get  along  with  $50.00  recep¬ 
tion.’ 

“It  would,  therefore,  appear  to  me 
that  radio’s  problem  is  one  of  getting 
high  fidelity  at  low  cost  rather  than 
of  getting  the  public  to  appreciate  high 
fidelity.  People  will  junk  their  old 
sets  and  buy  new  ones  if  the  change¬ 
over  does  not  mean  the  elimination  of 
popular  price  receivers.” — Louis  E. 
Wade,  President,  Louis  E.  Wade,  Inc., 
Fort  Wayne,  Ind. 

►  1930-1940  .  .  .  This  is  Electronics’ 
10th  anniversary  issue.  In  it  will  be 
found  a  brief  review  of  these  10  years 
of  economic  troubles  and  technical 
progress.  Engineers  are  still  eminently 
able  to  produce  new’  things  for  people 
to  use,  but  engineers,  nor  statesmen, 
nor  politicians,  nor  sociologists  have 
yet  devised  means  whereby  man’s  own 
nature  can  be  harnessed  to  his  own  use. 
Mathematicians  are  still  unable  to  solve 
equations  with  very  many  variables — 
and  man  and  his  society  is  controlled 
by  hundreds  of  variables  most  of  which 
seem  to  be  negative  in  their  effect. 

Electronics  is  happy  to  note  the  num¬ 
ber  of  its  readers  who  state  they  are 
charter  subscribers,  that  they  have 
bound  volumes  since  April  1930,  and  is 
proud  to  number  among  its  advertisers 
so  many  w’ho  have  been  with  us  since 
the  initial  issue.  Electronics  hopes, 
fervently,  that  the  next  10  years  will 
see  a  new  order  in  w’hich  peace,  and 
prosperity  and  security  and  equity  for 
all  will  be  established. 


Characteristics  of  sound  motion  pictures — 1930-1940 


FM 

GETS  ITS  “DAY  IN  COURT" 

^  ith  these  words,  Chairman  Fly  of  the  Feileral  C.oniinuiiieatioiis  ('oinmissioii  opened 
the  frequency-modulation  hearin*!  in  Washinjiton  on  .March  18th.  Testimonv  hy  Major 
E.  H.  Armstrong  and  hy  witnesses  for  F-M  Broadcasters  and  R.(].A.  is  reported  here 


IN  one  of  the  largest  gatherings 
of  broadcast  engineers  and  execu¬ 
tives  ever  to  assemble  before  the 
Federal  Communications  Commis¬ 
sion,  evidence  on  the  past  record  and 
future  possibilities  of  frequency 
modulation  was  presented  in  Wash¬ 
ington  beginning  March  18th.  At 
the  time  of  going  to  press,  two  weeks 
later,  all  the  evidence  had  been  pre¬ 
sented.  Some  29  organizations  and 
individuals  had  filed  their  intention 
of  appearing  before  the  Commission, 
and  in  all  50  witnesses  expected  to 
give  testimony.  The  present  report 
is  concerned  primarily  with  the  testi¬ 
mony  of  Major  E.  H.  Armstrong  and 
F-M  Broadcasters,  Inc.,  w'hose  wit¬ 
nesses  appeared  in  the  early  days  of 
the  hearing  and  that  of  R.C.A.  which 
was  given  in  the  second  w’eek. 

The  purpose  of  the  hearing,  re¬ 
vealed  by  the  issues  of  the  agenda 
issued  by  the  Commission,  was  to  de¬ 
termine  : 

(1)  Whether  aural  broadcasting 
on  the  frequencies  above  25,000  kc 
has  reached  such  a  stage  of  develop¬ 
ment  that  it  is  acceptable  for  render¬ 
ing  regular  as  distinguished  from 
experimental  broadcast  service  to  the 
public; 

(2)  The  relative  merits  of  fre¬ 
quency  modulation  and  amplitude 
modulation  when  employed  for  aural 
broadcasting  on  frequencies  above 
25,000  kc ; 

(3)  The  relative  merits  of  wide 
band  and  narrow  band  frequency 
modulation  when  employed  for  aural 
broadcasting  on  frequencies  above 
25,000  kc; 

(4)  Whether  it  is  possible  to  allo¬ 
cate  sufficient  frequencies  to  accom¬ 


modate  stations  employing  frequency 
modulation  ( narrow  or  wide  band ) 
to  provide  a  .satisfactory  program 
service  in  the  United  States  when 
considered  in  the  light  of  the  fre¬ 
quency  needs  of  other  services,  in¬ 
cluding  television.  Government,  avia¬ 
tion,  police,  common  carrier,  am¬ 
ateur,  etc. ; 

(5)  Whether  it  is  possible  to  allo¬ 
cate  sufficient  frequencies  to  accom¬ 
modate  stations  employing  ampli¬ 
tude  modulation  to  provide  a  satis¬ 
factory  program  service  in  the 
United  States  when  considered  in  the 
light  of  the  frequency  needs  of  other 
services,  including  television.  Gov¬ 
ernment,  aviation,  police,  common 
carrier,  amateur,  etc. ; 

(6)  Whether  it  would  be  practi¬ 
cable  for  the  Commission  to  author¬ 
ize  both  amplitude  and  frequency 
modulation  for  aural  broadcasting 
stations  operating  on  frequencies 
above  25,000  kc,  or  whether  the  Com¬ 
mission  should  recognize  but  one  of 
these  forms  of  modulation  for  such 
stations ; 

(7)  The  possible  future  effects  of 
ultra-high  frequency  broadcasting 
upon  standard  broadcasting  on  the 
band  550-1600  kc; 

(8)  Whether  existing  allocations 
of  frequencies  above  25,000  kc  to 
particular  services  shall  be  modified 
to  provide  frequencies  for  aural 
broadcasting ; 

(9)  The  existing  patent  situation 
respecting  frequency  modulation  and 
amplitude  modulation  for  aural 
broadcasting  stations  operating  on 
frequencies  above  25,000  kc. 

The  present  status  of  frequency- 
modulation,  so  far  as  the  affairs  of 


the  Commi.ssion  are  concerned,  was 
summarized  in  terms  of  the  present 
channel  assignments,  licenses,  con¬ 
struction  permits  and  applications. 
The  channel  assignments  to  f-m  are 
26,300,  26,500,  26,700  and  26,900  kc ; 
42,600,  42,800,  43,000,  43,200,  43,- 
400  kc;  117,190,  117,430,  117,670, 
117,910  kc.  As  of  March  12,  there 
were  22  licenses  and  construction 
permits  issued  to  f-m  stations,  all 
of  which  e.xcept  one  have  assign¬ 
ments  in  the  region  from  42.6  to 
43.4  Me.  On  the  .same  date  there 
were  75  applications  for  f-m  con¬ 
struction  permits,  and  two  applica¬ 
tions  for  a-m  permits  in  the  u-h-f 
bands.  All  except  two  of  the  f-m  ap¬ 
plications  request  assignments  in 
the  42.6  to  43.4  region  of  the  spec¬ 
trum. 

Attention  was  focused  on  the 
band  of  frequencies  from  41  to  44 
Me,  not  only  becau.se  of  the  great 
number  of  f-m  applications  in  this 
band,  but  because  the  witnesses 
urged  that  this  is  the  most  desirable 
portion  of  the  spectrum  for  f-ni 
transmi.ssions.  In  this  region,  f-m 
a.ssignments  share  the  space  with 
a.ssignments  to  a-m  educational  sta¬ 
tions  (41.02  to  41.98  Me),  a-m 
broadcasting  stations  ( 42.06  to  42.46 
Me),  and  a-m  facsimile  broadcast 
.stations  (43.54  to  43.94  Me). 
good  deal  of  the  testimony  related 
to  the  possibility  of  convertinvr 
the.se  a-m  .services  to  corresponding 
f-m  services,  and  thus  allowing  a 
continuous  band  of  f-m  channels. 
The  other  questions  had  to  do  with 
the  desirable  width  of  channel  for 
an  f-m  broadcast  station,  which  in 
turn  would  determine  the  number 


14 


April  i940  — ELECTRONK  S 


Major  E.  H.  Armstrong  brackets  a  portion  oi  the  u-h-i  spectrum  ior  the  inspection  of 
Federal  Communications  Commissioners  (left  to  right)  Craven,  Brown,  Chairman  Fly, 
Walker,  and  Thompson.  The  inventor  oi  the  wideband  f-m  system  testified  for  seven 
hours,  urged  thot  space  be  taken  from  television  to  allow  more  i-m  station  assignments 


of  channels  which  mi^ht  be  ac- 
lommodated  in  this  and  any  other 
jiortion  of  the  spectrum. 

Major  A  nnxt fang's  Testitnony 

The  first  witness,  for  alphabetical 
as  well  as  other  reasons,  was  Major 
K.  H.  Armstrong  the  inventor  and 
chief  proponent  of  the  wideband  f-m 
system.  Major  Armstrong  testified 
for  a  total  of  some  seven  hours,  cov¬ 
ering  nearly  two  full  days  of  the 
hearing.  The  early  part  of  his  testi¬ 
mony  had  to  do  with  the  history  and 
principles  of  frequency  modulation, 
both  of  which  have  been  amply  cov¬ 
ered  in  past  issues  of  Electronics*. 
The  early  experiments  in  1934  were 
recalled,  in  which  tests  were  con¬ 
ducted  from  the  NBC  2-kw  trans¬ 
mitter  located  on  the  Empire  State 
Building  and  operated  in  the  40-Mc 
band.  Armstrong  read  into  the 


record  excerpts  from  a  report  on  the 
results  of  these  tests  which  showed 
an  improvement  in  range  of  roughly 
two  and  one-half  times  in  favor  of 
narrow-band  f-m  over  a-m  in  the 
same  frequencies,  and  a  further  in¬ 
crease  in  range  of  nearly  two  times 
in  favor  of  wideband  f-m.  Other 
results  taken  from  the  .same  tests 
indicated  an  improvement  of  16  db 
in  favor  of  f-m.  The  decision  to 
erect  the  40-kw  f-m  station  \V2XMN 

•  Till'  compW'tH  l>il)Iii>);ra|ili.v  of  arliclos  on 
froqiuMicy  inoiliilation  apix-ariii);  in  F.lrvtruniv* 
is  ns  follows  : 

Kroqiioiii'v  .Modulation  .Vdvnntvs.  .Inno  I'.t.'t.'i, 
I>.  1  sh! 

I’liaso-l-'roqnonr.v  Modulation.  Xov.  Itta.'i.  ]>. 
17. 

llitrh-I’owtT  Kroi|in-iu\v  Modulation.  .Ma.v 
p.  iTi. 

Noiso  in  KrtMpionc.v  Modulation,  .May 
p.  Jl*. 

Knipioiu-v  Modulation  I •oinonstratod.  March 
1 !»;«»,  p.  14. 

.V  Frctiucncy  .Modnlatit>n  Kcccivcr.  .Innc  I'.Cl'.t. 

I>.  :12. 

FrtMiucncv  Modulated  Transmitters,  Nov. 
1!>;«>.  p.  20 

Frequency  Modulation — .V  Itevolntion  in 
ItroadcastiiiKV  January  1040,  p.  lo. 


at  Alpine,  N,  J.  was  made  in  April 
1935  by  Major  Armstrong.  Sound 
records  made  on  film  later  in 
1935,  were  then  demonstrated 
to  the  Commission  to  illustrate 
the  dilTerence  between  f-m  on 
ultra-high  frequencies  and  a-m  on 
the  standard  broadcast  frequencies, 
over  a  path  of  about  85  miles.  These 
records  were  the  same  ones  demon¬ 
strated  to  the  I.R.E.  at  the  original 
presentation  in  1935.  The  advantage 
in  favor  of  f-m  was  so  marked,  and 
the  static  so  prominent  on  the  a-m 
portions  of  the  film  that  Chairman 
Fly  asked  that  the  final  record  be 
turned  off  before  its  conclusion, 
granting  the  demonstration  as  con¬ 
clusive.  Major  Armstrong  then 
pointed  out  that  part  of  the  im¬ 
provement  in  the  f-m  case,  so  far  as 
the  lesser  degree  of  static  is  con¬ 
cerned,  was  due  to  the  use  of  the 
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higher  frequencies,  inasmuch  as 
natural  static  decreases  roughly  in 
proportion  to  the  increase  in  fre¬ 
quency.  But  discrimination  against 
man-made  noise,  especially  prominent 
in  the  high  frequencies,  high  quality, 
low  signal-to-noise  ratio,  greater 
range  for  a  given  realizable  fidelity 
— all  these  were  pointed  out  as  defi¬ 
nite  advantages  of  the  f-m  system  on 
any  frequency,  in  addition  to  dis¬ 
crimination  against  whatever  nat¬ 
ural  static  does  exist. 

The  performance  record  of  station 
W2XMN  in  Alpine  over  a  period  of 
900  hours  operation  from  July  18, 
1939  to  the  end  of  that  year  was 
then  read  into  the  record.  A  total  of 
one  and  one  half  hours  off  the  air 
was  accounted  for  on  the  basis  of  r-f 
amplifier  tube  failures,  but  no  lost 
time  could  be  attributed  to  the  opera¬ 
tion  of  the  f-m  circuits.  Power  fail¬ 
ures  and  noise  on  the  telephone  line 
were  also  given  as  causes  of  shut¬ 
downs.  In  all,  the  performance  com¬ 
pares  favorably  with  that  of  the 
standard  broadcast  transmitter  of 
the  same  power  rating. 

In  response  to  cross-examination 
by  Commissioner  Craven  it  was 
brought  out  by  Armstrong  that  a 
frequency-modulation  transmitter 
cannot  be  said  to  have  a  secondary 
service  area.  The  primary  service 
area  of  a  50-kw  station  extends  to 
about  100  miles,  if  a  reasonably  high 
(of  the  order  of  1000  feet)  and  rea¬ 
sonably  efficient  antenna  structure  is 
used.  Beyond  this  limit,  the  signal 
becomes  so  weak  that  the  amplitude- 
limiter  in  the  receiver  fails  to  func¬ 
tion,  and  the  service  becomes  useless. 
It  was  pointed  out  in  later  testimony 
that  the  service  area  also  depends,  in 
the  same  manner,  on  the  receiver 
sensitivity,  since  the  limiter  action 
fails  in  an  insensitive  receiver  at 
higher  values  of  signal  strength. 
Hence  to  take  full  advantage  of  the 
primary  coverage  of  an  f-m  station, 
high  sensitivity  (well  under  50 
microvolts  for  full  limiter  action) 
receivers  are  required,  and  should 
be  made  available  by  the  set  manu¬ 
facturers.  Abnormal  refraction  of 
the  u-h-f  waves  occasionally  gives  a 
“secondary”  service  but  the  service 
is  not  reliable. 

Regarding  the  noise  advantage  of 
f-m  over  a-m  in  the  same  band  of 
frequencies,  Armstrong  testified  that 
when  the  desired  signal  is  more  than 
twice  the  undesired  signal,  an  ad¬ 
vantage  of  1000  times  in  power,  in 


favor  of  f-m,  is  obtained  with  fluc¬ 
tuation  noise  (tube  hiss,  etc.)  and 
100  times  against  impulse  noise 
(ignition,  etc.).  In  general  the  fig¬ 
ures  followed  closely  those  quoted  in 
the  January  issue  of  Electronics, 
pages  10-14.  Armstrong  reported 
considerable  fading  at  the  edge  of 
the  service  area  of  an  f-m  station, 
both  rapid  and  slow  in  character,  but 
no  selective  fading,  so  that  there  was 
no  audible  evidence  of  the  fading  so 
long  as  the  signal  strength  required 
for  limiter  action  was  available. 

The  wideband  vs  narrowband 
question  for  f-m  stations  is  of  im¬ 
portance  since  the  channel  width  as¬ 
signed  to  f-m  stations  determines  the 
number  which  can  be  assigned  in  a 
given  band.  Armstrong  gave  200  kc* 
as  the  channel  width  for  a  wideband 
system  and  perhaps  40  kc  as  the 
channel  width  for  a  narrowband 
system.  He  stated  that  the  power  re¬ 
quired  for  a  given  signal-to-noise 
ratio  was  about  25  times  as  great  in 
the  narrowband  case,  since  the  de¬ 
sired  signal  output  would  be  one 
fifth  in  voltage  for  a  frequency  swing 
one  fifth  as  great.  He  pointed  out 
also  that  receiver  design  is  more 
difficult  in  the  narrowband  system 
(because  of  the  oscillator  drift  prob¬ 
lem),  and  that  multiplexing  of  fac¬ 
simile  and  binaural  transmission 
would  be  much  more  difficult  in  the 
narrowband  ca.se. 

Regarding  the  available  channels 
now  assigned  to  f-m,  Arm.strong 
testified  that  those  in  the  40-Mc  band 
were  satisfactory,  tho.se  in  the  117- 
Mc  band  less  so  (but  still  useful)  be- 
cau.se  of  the  difficulty  in  producing 
high  powered  transmitters  and  sen¬ 
sitive  receivers  (and  also  as  re¬ 
vealed  later  because  of  the  more 
prominent  “shadows”  cast  by  ob¬ 
stacles  in  the  path  of  the  waves) ; 
while  the  assignments  near  25  Me 
were  considered  practically  useless 
because  of  the  effects  of  sky-wave 
interference.  He  urged  a  single  con¬ 
tinuous  band  of  f-m  assignments,  to 
simplify  receiver  design.  He  urged 
that  a  larger  band  be  made  available 
around  40  Me,  and  another  near  80 
Me,  stating  that  in  his  opinion  the 
new  f-m  service  had  a  better  claim 
to  this  space  than  did  television. 
Specifically,  he  requested  a  transfer 
to  f-m  of  the  space  of  one  television 
channel,  but  did  not  specify  which 
channel.  If  ten  channels  were  avail¬ 
able  for  f-m,  he  said,  a  fairly  good 
allocation  job  could  be  done  for  many 


parts  of  the  United  States,  but  not 
in  the  congested  New  Flngland  and 
New  York  area.  If  30  to  40  channels 
were  available,  the  needs  of  all  could 
be  taken  care  of  for  “a  very  long 
time  to  come”. 

Major  Arm.strong  envisaged  two 
classes  of  f-m  service  corresponding 
roughly  to  the  regional  and  local 
classifications  now  used  in  standard 
broadcasting.  The  regional  service 
would  be  offered  by  powerful,  say 
50-kw,  stations  located  on  tall  build¬ 
ings  or  mountain  peaks,  which  would 
be  protected  against  interference  to 
the  limit  of  their  range,  say  to  the  5 
or  10  microvolt  contour.  The  lower- 
power  local  stations  could  be  placed 
as  dost  as  20  miles  or  less,  and  if 
assigned  to  same  channel  would  have 
correspondingly  restricted  service 
areas.  In  the  interference  areas  be¬ 
tween  such  stations,  simple  antennas 
with  reversible  directivity  could  be 
u.sed  to  select  which  of  the  two  sta¬ 
tions  was  desired.  It  was  emphasized 
that  the  interference  between  sta¬ 
tions  is  audible  only  when  the  ratio 
between  signal  strengths  is  less  than 
4-to-l,  and  this  degree  of  differentia¬ 
tion  can  ordinarily  be  introduced  by 
directional  antennas. 

Concerning  other  items  on  the 
agenda.  Major  Armstrong  stated 
that  the  effect  of  f-m  on  standard 
broadcasting  would  be  to  decrease 
congestion  on  the  standard  broadcast 
frequencies,  and  allow  a  better  serv¬ 
ice  to  be  rendered  to  the  scattered 
rural  population  which  he  agreed 
would  have  to  be  served  by  standard 
broadcasting.  He  predicted  a  grad¬ 
ual  shift  in  the  public  listening  from 
a-m  to  f-m  as  more  f-m  receivers  be¬ 
came  available  at  lower  prices,  and 
as  more  stations  offered  the  service. 
That  present  day  f-m  receivers  and 
transmitters  are  reliable  and  out  of 
the  experimental  stage  was  definitel\ 
stated.  F-m  transmitters  cost  no 
more,  and  perhaps  less,  than  stand 
ard-frequency  a-m  transmitters  of 
the  same  power.  F-m  receivers  cos' 
more  only  because  of  the  superior 
audio  circuits  and  loudspeaker  sys¬ 
tem,  which  would  be  necessary  in  an 
a-m  set  to  obtain  the  same  quality. 
Prices  for  f-m  receivers  ranging 
from  about  $65  for  an  adapter  to 
$375  for  a  de-luxe  f-m  and  a-m  re¬ 
ceiver  were  reported.  These  prices 
are  capable  of  steady  reduction,  as 
has  occurred  in  conventional  ro- 
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o  N  the  following  pages  will  be  found  a  resume  of  some 
of  the  imj)ortant  events  that  have  changed  the  fields 
of  the  electron  tube  as  they  existed  in  April  1930  (when 
Electronics  hrst  was  published)  to  the  way  these  industries 
are  constituted  now — on  the  10th  anniversary  of  this 
publication. 

In  April  1930,  sound,  via  the  amplifier  and  the  phototube, 
had  barely  come  to  the  motion  pictures,  engineers  were 
dreaming  of  the  impact  of  the  electron  tube  u})on  industry 
in  all  its  manifold  phases;  radio  was  annually  overpro¬ 
ducing,  and  wondering  when  the  market  for  radio  receivers 
would  be  saturated. 

Today,  Ai)ril  1940,  no  motion  picture  theater  can  operate 
without  vacuum  tubes;  industry,  except  for  welding,  sees 
no  revolution  due  to  electrons  in  motion ;  radio,  blas^,  sees 
no  saturation  but  hopes  for  television  and  other  things  new. 

Whatever  the  next  decade  may  bring,  electronic  engi¬ 
neers  may  look  with  })ride  on  their  accomplishments  from 
1930  to  1940.  There  has  been  no  depression  in  science  or 
engineering! 


By  KEITH  HENNEY.  EDITOR.  ELECTRONICS 


Ten  years  ago  this  month  Electronics  made  its 
first  appearance.  Its  readers  were  recruited  from 
the  membership  of  the  learned  and  engineering  soci¬ 
eties.  In  a  circulation  campaign,  unique  in  the 
annals  of  McGraw-Hill  for  its  immediate  success, 
potential  subscribers  were  told  that  a  new  era  had 
come,  an  era  in  which  the  electron  tube  would  con¬ 
quer  industry  as  it  had  conquered  communication 
and  as  it  was  revolutionizing  the  motion  picture  in¬ 
dustry.  Readers  responded  with  amazing  alacrity; 
they  wanted  the  new  paper.  Clearly  there  was  an 
interest  in  and  a  need  for  such  a  periodical. 

What  would  Electronics  be  like? 

In  the  initial  issue,  0.  H.  Caldwell,  its  editor,  said 
Electronics  would  be  a  “clearing-house  for  facts,  a 
camp-fire  for  counsel”.  Ten  years  ago  it  seemed  cer¬ 
tain  that  the  economic  crash  of  1929  would  provoke 
only  a  temporary  stoppage  of  the  wheels  of  industry, 
and  that  another  year  would  see  America  well  on 
its  way  again  to  new  economic  levels.  The  new  paper 
would  help  engineers  keep  abreast  of  what  other 
engineers  were  doing  and,  working  together,  sci¬ 
entists  and  technical  men  would  aid  in  creating  a 
new  era. 

In  the  following  decade  the  editors  and  publish¬ 
ers  of  the  new  paper  have  striven  to  make  it  the 
clearing-house  for  facts,  a  camping-ground  for  counsel 
and  in  a  measure  have  succeeded.  Each  year  of  those 
10  has  promised  to  be  the  last  year  of  the  depression; 
economically  everything  would  soon  be  on  the  up¬ 
grade  ;  all  such  promises  have  been  broken.  Technically 
the  10  years  have  been  most  successful,  engineers 
never  cease  to  produce  new  products  from  the  brain 
children  of  the  scientists.  Even  a  casual  perusal  of 
the  bound  volumes  of  Electronics  for  the  ten  years 
will  provide  a  feeling  that  technology  always  moves 
forward." 

What  was  the  industry  worrying  about  10  years 
ago? 

In  the  first  issue,  pains  were  taken  to  point  out 
the  important  characteristics  of  the  pentode  tube, 
then  coming  over  the  horizon  for  the  first  time.  There 
was  much  controversy  over  this  multi-element  vac¬ 
uum  device.  Should  it  be  permitted  to  enter  the  radio 
industry?  Was  it  not  just  one  more  complication  to 
upset  manufacturers,  dealers  and  set  owners?  Why 
should  there  be  a  new  tube?  The  screen  grid  tube 
had  not  been  thoroughly  digested,  but  here  from 
Europe  was  another  complex  structure.  As  a  matter 
of  fact  there  were  two  kinds  of  pentodes,  according 
to  writers  in  the  initial  issue,  April  1939.  There 
was  an  r-f  tube  and  one  designed  for  power  output. 
Neither  was  much  good,  according  to  present-day 
standards,  but  both  seemed  mighty  unpleasant  new 
products  to  the  radio  tube  and  set  industry  which 
was  pretty  satisfied  with  itself. 


Today,  pentodes  of  all  sorts  have  practically  removed 
the  demand  for  tubes  of  the  simple  types  used  in  1930. 
All  those  who  objected  so  strenuously  to  introduction 
of  new  tube  types  have  had  to  take  them  in  their  stride, 
and  to  witness  an  expansion  of  the  receiving  tube  list 
that  in  1930  would  have  seemed  as  impossible  as 
present-day  tube  prices. 

In  this  first  issue,  S.  M.  Kintner,  manager  of  the 
Westinghouse  research  laboratory  di.scussed  the  indus¬ 
trial  uses  of  the  vacuum  tube  and  spoke  of  its  i)lace  in 
industry.  Long  an  electronics  champion  at  Westing- 
house,  Mr.  Kintner,  friend  of  all  research,  unfortu¬ 
nately  did  not  live  to  see  all  of  his  hopes  achieved. 

In  this  first  issue.  Dr.  A.  N.  Goldsmith  lamented  the 
fact  that  sound  reproduction  in  the  theater  was  .so 
poor.  It  was  standard  practice,  then,  to  cut  off  all 
frequencies  above  3500  cycles  to  get  away  from  ground 
noise.  All  that  is  gone,  of  cour.se,  and  in  the  better 
theaters  today  it  is  possible  to  listen  to  sound  (juality 
seldom  achieved  by  the  better  radio  receivers. 


A  Revolution  in  Motion  Pictures 

One  of  the  original  editorial  staff  members.  F.  S. 
Irby,  related  the  economic  revolution  produced  in  mo¬ 
tion  pictures  by  the  advent  of  sound.  Then  there  were 
22,000  theaters  showing  pictures  in  the  United  States 
and  of  these,  about  9,250  had  been  equipped  for  .sound  in 
the  two  years  that  had  elap.sed  since  the  "Jazz  Singer” 
(October  1927)  had  given  movie  goers  a  new  vision, 
one  in  which  they  could  hear  their  favorite  stars  as 
well  as  see  them  in  motion.  Now,  of  cour.se,  no  theater 
which  does  not  have  .sound  eipiipment  can  even  open 
its  d(K)r.s.  Its  lights  are  permanently  dark. 

“At  the  beginning  of  1927  there  were  perhaps  not  5 
companies  engaged  in  the  manufacture  of  s(*und  appa¬ 
ratus.  By  the  end  of  1929  there  were  154  manufac¬ 
turers  in  this  field  and  as  many  as  182  makes  of  sound 
reproducing  apparatus  on  the  market”.  Most  of  these 
manufacturers  have  di.sappeared  in  the  ten  years  that 
have  elapsed  since  Dr.  Irby  presented  the.se  statistics. 

In  .several  issues  following  the  initial  .April  1930 
Electronics  there  was  much  di.scussion  of  the  wide  film 
(Grandeur)  then  proposed  as  another  motion  picture 
innovation.  Wide  film  no  longer  plagues  the  minds  of 
producers  and  exhibitors. 

In  the  first  i.ssue  W.  C.  White  of  the  General  Electric- 
Vacuum  Tube  Engineering  Department  brought  engi¬ 
neers  up  to  date  on  the  possibilities  of  the  magnetron 
tube.  Then  it  was  possible  to  generate  frecjuencies  as 
high  as  100  megacycles  ( a  term  not  used  in  those  days* 
and  powers  as  great  as  2.5  kw  had  been  produced  at 
75  Me.  Dr.  Mendenhall  of  the  Bell  Laboratories  de¬ 
scribed  the  new  double-ended  high  frequency  tubes 
engineered  for  the  transatlantic  telephone  circuits.  The 
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240-A  water  cooled  tube  would  ^'■enerate  10  kw  and  the 
air  cooled  251-A  would  produce  1  kw  at  30  Me. 

AmouK  the  new  product.s  mentioned  in  the  first 
i.ssue  were  several  from  companies  which  no  lonjrer 
exist.  Arcturus  offered  the  Photolytic  cell,  a  liquid 
j)hotovoltaic  cell  in  a  hand.some  container.  It  listed  at 
$31.50.  Ten  years  later  (1940)  Arcturus  as  a  tube 
produciiiK  company  iiii\e  up  the  jrhost,  unable  to  make 
a  profit  from  making  tubes  at  present  low  retail  prices. 

Jenkins  Television  offered  the  Radiovisor  kit  for  $75 
without  the  neon  lamp.  It  would  produce  television 
images  about  2-inches  square,  48  lines,  15  pictures  per 
.sec.  DeForest  Radio  presented  a  short  wave  receiver 
“radical  in  appearance”.  F'our  tubes  (types  22,  01-A 
and  12-A)  and  a  .series  of  plujr-in  coils,  the  latter  stuck 
up  on  top  in  a  jaunty  and  much  too  exposed  fashion, 
constituted  the  essential  components.  It  would  cover 
the  ranjre  from  20  to  200  meters. 

Of  11  new  products  de.scribed  in  this  first  i.ssue  from 
11  manufacturers,  only  one  remains  in  modified  form, 
and  of  the  11  companies  only  4  are  in  existence  today. 

In  the  News  .section,  mention  was  made  of  a  new 
.set  of  equations  from  Professor  Einstein,  still  in  Ber¬ 
lin,  relating  K>'avitation  and  ma^rnetism,  and  of  the 
R.M.A.  committee  to  study  the  pentode  situation  (no 
.set  manufacturer  would  use  the  things  in  their  1930 
production),  and  plans  were  de.scribed  for  the  super- 
collos.sal  R.M.A.  Radio  Trade  Show  to  be  held  in  Atlan¬ 
tic  City  in  June. 

In  a  department  devoted  to  brief  summaries  of 
C.  S.  patents  were  names  such  as  Harry  Nyquist,  Alva 
I>.  Clark,  K.  L.  Chaffee,  Samuel  Ruben,  R.  H.  Ranker, 
John  H.  Miller,  Abraham  E.sau,  h".  A.  Bolster,  G.  \V. 
Pierce,  H.  C.  Rent.schler,  Donald  G.  Little,  Robert  L. 
Davis,  ('arl  F.  Goudy,  H.  C.  Dunwoody,  O.  T.  Mcllvaine. 
Patent  numbers  ran  from  1,748,000  throutrh  1,750,000. 
In  the  P’ebruary  27,  1940  i.ssue  of  the  Official  Gazette  of 
the  U.  S.  Patent  Office  the  numbers  are  up  in  the  2,192,- 
000 — nearly  a  half  million  patents  had  been  issued  in 
this  ten-year  period,  surely  no  period  of  inventive  de- 
Iiression. 

The  mast-head  of  Klectnmics  of  that  initial  i.ssue 
bore  four  names.  O.  H.  Caldwell  was  editor,  a  veteran 
-McGraw-Hill  editor,  first  of  Electrical  World,  where  he 
invented  Electrical  Merchaudisituf,  becominjr  its  editor. 
Here  he  invented  Radio  Retailing,  becoming  its  editor. 
-And  here  he  invented  Electronics  and  became  its  editor. 
Mr.  Caldwell  left  fJlectronics  in  1935  foundinjr  a  paper 
of  his  own.  As  associate  editors  were  Franklin  S.  Irby 
and  Keith  Henney.  Dr.  Irby  came  from  E.R.P.I.  and 
i<‘i)re.sented  the  motion  picture  industry  to  F^lectronics 
loaders.  A  Ph.D.  under  Michelson,  a  Lieutenant  Com- 
n'.ander  in  the  Navy,  Dr.  Irby  left  Electronics  several 
years  after  its  founding  and  subsequently  took  a  decree 
in  law  and  has  been  admitted  to  the  bar.  Today  he  is 
in  the  legal  department  of  20th  Century-Fox  Films. 


Keith  Henney  was  drafted  from  his  job  with  Radio 
Broadcast,  a  magazine  long  since  defunct  but  remem¬ 
bered  fondly  by  old  timers  in  the  radio  industry.  His 
contribution  was  his  knowledge  of  the  radio  industry 
from  the  technical  angle  attained  by  experience  during 
the  war  as  radio  operator,  and  as  engineer  at  the  Bell 
Laboratories,  by  technical  training  under  Profes.sors 
Pierce,  Chaffee  and  Field  at  Cruft  Lab  and  finally  by 
his  5  years  on  Radio  Broadcast.  He,  alone  of  the  orig¬ 
inal  editorial  staff,  continues  on  Electronics,  now  its 
editor.  The  fourth  member  of  the  editorial  staff  was 
Dr.  DeForest,  consulting  editor.  Always  bullish  on 
electronics.  Dr.  DeForest  has  often  contributed  sage 
advice  and  worthwhile  information  to  the  periodical 
during  its  10  years  exi.stence. 

A  feature  of  the  initial  i.ssue  was  a  colored  chart 
giving  the  radio  spectrum  as  it  was  divided  in  1930. 
Frequencies  higher  than  23,000  kc  were  assigned  for 
experimental  and  amateur  use.  At  60  Me  the  spectrum 
ended  for  there  .seemed  no  way  to  generate  frequencies 
so  high  in  quantities  great  enough  to  be  useful.  This 
chart  became  .so  popular  that  it  was  revised  in  1932 
and  1936  and  now  appears  again  in  this  anniversary 
i.ssue. 

May  to  December,  1930 

In  the  remaining  issues  of  the  first  year,  important 
new  uses  for  tubes  were  disclosed,  and  events  which 
pre.saged  later  developments  of  considerable  importance 
were  first  de.scribed.  In  May,  Page  and  Carpenter, 
General  Electric  engineers,  reported  on  the  production 
of  artificial  fevers  by  means  of  high  frequency  fields. 
Since  that  day  the  application  of  high  frequency  equip¬ 
ment  to  the  needs  of  the  medical  profession  have  been 
very  great.  A  by-product  of  this  development  has  been 
much  interference  to  communication  channels  by  thera¬ 
peutic  apparatus. 

In  May  1930,  the  editorial  pages  carried  a  fervent 
plea  to  those  who  controlled  broadcasting  not  to  limit 
transmitting  power.  This  theme  will  be  found  repeated 
many  times  in  the  following  10  years,  for  engineers 
know  that  only  good  strong  clear  signals  provide  the 
listener  with  good  program  service.  Jefferson  Electric 
Company  offered  a  tube  checker  in  the  May  issue.  It 
had  6  sockets,  one  each  for  the  226,  227,  224,  247,  171A 
and  280  type  tubes. 

On  May  22,  Dr.  E.  F.  W.  Alexanderson  demonstrated 
television  on  a  screen  6x7  feet,  made  possible  by  means 
of  a  high  intensity  arc,  a  new  light  valve  (a  Karolus 
cell)  and  general  improvements  to  existing  apparatus. 

At  the  Trade  Show  in  Atlantic  City  in  June  of  1930, 
engineers  seemed  to  have  displayed  considerable  bore¬ 
dom  at  the  offerings  of  the  set  manufacturers.  There 
was  nothing  startlingly  new,  “nothing  to  compare  with 
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the  introduction  of  a-c  tubes,  the  dynamic  speaker,  or 
the  debatable  advantages  of  the  screen-grid  tube”. 
Everyone  seemed  to  be  jumping  into  the  public  addi’ess 
field.  One  radio  manufacturer  provided  the  set  owner 
with  short  wave  reception  by  means  of  a  separate 
chassis.  Receivers  were  good  enough  to  cause  one 
speaker  to  state  that  sound  pictures  were  still  inferior 
to  radio  in  tone  reproduction.  The  big  thing  for  1930 
was  to  be  tone  control,  by  which  the  listener  could  get 
more  effective  bass  by  reducing  the  actual  treble  re¬ 
sponse.  This  was  great  stuff,  according  to  those  in 
attendance  at  the  Trade  Show;  and  has  continued  to  be 
great  stuff  ever  since.  A  tone  control  is  a  very  inex¬ 
pensive  device  to  cover  up  bad  design  and  troubles  due 
to  inferior  components. 

At  the  Trade  Show  Mr.  Aceves  demonstrated  high 
quality  reproduction  attained  by  proper  compensation 
in  the  amplifier  of  record  and  loud  speaker  deficiencies. 
The  audience  of  engineers  was  enthusiastic,  but  sales 
departments  decided  that  high  quality  was  all  right  for 
engineers  but  not  for  the  public.  Ten  years  later  this 
impression  is  still  prevalent. 

Many  Radios  Still  to  be  Sold 

Saturation  of  radio  receivers  in  American  homes  as 
of  June  1930  was  about  30  per  cent.  One  out  of  every 
5  non-radio  homes  was  to  buy  a  radio  in  1930;  and 
there  were  2  million  battery  sets  still  in  use.  Only 
7.7  million  a-c  receivers  had  been  sold. 

In  August  1930,  Electronics  made  much  of  the  quar¬ 
ter-million  dollar  “temple  of  electronics”  that  John  I). 
Rockefeller,  Jr.,  was  to  erect  in  cooperation  with  R.C.A. 
and  N.B.C.  Three  city  blocks  were  to  be  razed  for 
Radio  City. 

The  market  for  home  talking  movies  was  appraised 
in  September — a  market  that  never  appeared,  much  to 
the  distress  of  several  manufacturers  who  got  caught 
in  the  vicious  circle  made  up  of  the  facts  that  no  one 
would  buy  home  equipment  until  there  was  a  library 
of  sound  pictures  available,  and  that  no  one  would 
put  the  money  into  building  up  a  library  until  there 
were  many  reproducers  already  in  home  use. 

In  September,  B.  J.  Thompson,  then  of  the  vacuum 
tube  engineering  department  of  G.E.,  described  the 
development  of  the  FP-54  tube,  a  tube  which  will  meas¬ 
ure  10"”  amperes  and  will  indicate  the  flow  of  current 
represented  by  63  electrons  per  second.  In  the  10  years 
since  this  tube  was  first  produced,  many  hundreds  have 
found  their  w’ay  into  research  laboratories,  astronom¬ 
ical  observatories  and  other  places  w’here  a  sensi¬ 
tive  electrometer  tube  can  be  utilized.  The  230,  231 
and  232  types  of  tube  were  introduced — operating  from 
2-volt  batteries  and  requiring  0.06  to  0.15  amperes  for 
the  filaments.  In  November,  National  Carbon  pre¬ 
sented  the  radio  world  with  its  2-volt  Air-Cell  bat¬ 
tery,  an  important  contribution  to  listeners  in  power¬ 
less  homes. 

George  Throckmorton  was  then  executive  vice- 
president  of  the  E.  T.  Cunningham  Company.  E.  A. 
Nicholas  had  just  been  appointed  Radiola  distributor 
for  northern  Illinois.  Gene  Tracey  had  gone  to  the 
West  coast  to  discuss  the  possibility  of  erecting  a  new' 
plant  for  National  Union  Radio  there;  Milton  Alden 
and  Elinor  Johnson  had  formed  a  new  company  known 


as  the  Alden  Products  Company.  Triad  in  Pawtucket 
announced  a  new  and  improved  210  type  of  tube, 
R.M.A.  was  worrying  about  the  usual  overproduction 
and  subsequent  dumping  of  radio  receivers.  Jensen 
Radio  Mfg.  Co.,  announced  midget  speakers  for  auto¬ 
mobile  or  “mantle”  receivers.  They  listed  at  $15.00. 
Nowadays  one  can  purchase,  speaker,  tubes,  cabinet 
and  all  the  components  for  le.ss  than  this  figure.  In 
November  1930  there  were  29  cities  using  radio  service 
as  adjuncts  to  their  police  departments  and  the  rapid 
expansion  of  this  service  was  signified  by  the  fact 
that  22  other  cities  held  construction  permits.  Howard 
W.  Sams  was  general  sales  manager  of  Silver-Marshall. 

The  total  co.st  of  making  a  radio  tube  in  late  1930 
was  41.6  cents,  half  what  it  had  been  two  years  before; 
and  it  was  estimated  that  the  production  of  receiving 
tubes  would  mount  to  69  million  by  the  end  of  the 
year. 

In  November  Mr,  Walter  F.  Gifford,  President  of 
A.T.&T.  .said  “As  sure  as  I  am  standing  here,  this  de¬ 
pression  will  soon  pass.  We  are  about  to  enter  a 
period  of  prosperity,  the  like  of  which  no  country  has 
seen  before.” 

At  the  year-end  of  1930  certain  accomplishments 
had  been  recorded.  Among  them  are  the  following: 
Westinghouse  invented  the  ignitron  which  proved  to 
be  a  very  practical  controlled  rectifier  suitable  for 
handling  high  fjower  especially  in  those  applications 
where  the  ratio  of  average  current  rating  to  i)eak 
current  rating  was  very  high.  Resistance  welding  had 
found  a  new  and  powerful  tool.  Telephone  service 
was  opened  between  the  United  States  and  .Australia; 
the  Bell  Laboratories  had  demonstrated  phone-booth 
two-way  television;  R.C.A.  demonstrated  transmi.ssion 
of  maps  and  news  to  ships  at  sea  by  facsimile;  Bal- 
lantine  developed  the  variable-mu  tube  (551),  Western 
P^lectric  introduced  noi.seless  film  recording.  Septem¬ 
ber,  1930,  C.B.S.  broadcast  its  first  Philharmonic 
Orchestra  program. 

1931 

Midget  sets  were  the  rage  at  $55;  the  sjperhetro- 
dyne,  which  came  into  wide  .service  in  1930,  became 
the  standard  circuit  in  spite  of  bad  radiation  charac¬ 
teristics;  Merlin  Aylesworth,  president  N.B.C.  said 
“The  majority  of  business  men  will  have  radio  sets  in 
their  offices  in  1931 ;”  “toe  recording”  of  so.jnd  on  film 
was  described  in  January  1931  Electronics  by  George 
Lewin  and  in  this  i.ssue  will  be  found  a  summary  of 
opinions  on  the  historic  struggle  to  determine  who  in¬ 
vented  the  high  vacuum.  On  May  25  the  Supreme 
Court  declared  the  Langmuir  patent  invalid  and  the 
Lestein  Corp.  of  America  advertised  the  Lestron  110- 
volt  tube. 

Hawaii,  Oahu,  Maui  and  Kauai  in  the  Hawaiian 
Islands  were  interconnected  by  u-h-f  radio  circuits  by 
R.C.A.  for  an  inter-island  communication  system.  Traf¬ 
fic  was  controlled  by  phototube  installations  in  East 
Liberty,  Penna.  R.C.A.  noisele.ss  recording  sound  in 
film  was  introduced. 

Radio  sets  sales  in  1930  w'ere  reported  in  March 
Electronics.  Sales  were  less  than  in  1929,  dollar  volume 
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was  off  to  a  figure  nearly  one-half  that  of  1929.  The 
year  saw  a  total  radio  set,  tube,  and  acce.s.sory  business 
of  about  a  half-billion  dollars  conii)ared  to  842  mil¬ 
lions  the  year  before.  The  depression  was  really 
^rettinjr  under  way. 

There  was  much  scjuahhlintr  amonjr  tube  people  as 
to  the  final  design  characteristics  of  the  variahle-mu 
tube,  the  major  ditliculties  existing  between  the  R.C.A. 
285  and  the  Arcturus  551  (  Hallantine’s  tube').  The 
285  won.  C.  \V.  Stone  of  (l.hb  extolled  the  virtues  of 
d-c  power  transmissi<tn  but  to  date  an  experimental 
installation  is  as  far  as  thyratrons  and  bijr  rectifiers 
have  Kune  toward  revolutionizin^r  the  power  networks. 
Clause  9  was  causinjr  much  trouble,  deh'orest  Radio 
^rettin^r  a  permanent  injunction  a^rainst  R.C..A.  in  Feb¬ 
ruary  in  the  Federal  Circuit  ('ourt  of  Philadelphia. 
Kditor  Caldwell  prophesied  ‘‘or^ranless.  choirless,  bell¬ 
less  and  preacherless  churches  in  1940,”  all  by  electron 
tubes.  All  thnni^rh  15)81  occurred  bitter  wranplinjr 
between  the  components  suppliers  and  the  radio  .set 
manufacturers  over  price.  (Quality  of  receivers  hit  an 
all  time  low;  poor  workmanship,  i)oor  tone  fidelity,  low 
prices. 

At  the  Trade  Show,  Stevens  Hotel,  Chica^'o,  was 
displayed  a  permanent  magnet  loud  speaker,  first  of  a 
lonjr  line  of  speakers  supplyin^r  their  own  field  energy. 
Tube  manufacturers  were  developing  fancy  testers  as 
inducements  to  dealers  to  sijrn  on  the  d(ttted  line  for 
tube  franchises.  Sanabria  demcuistrated  45-line  tele¬ 
vision  on  a  6-foot  screen  usin^  u  hi^'^h-intensity  low- 
cost  tube  made  by  Taylor;  (leneral  Radio  displayed  the 
V’on  Ardenne  cathode  ray  tube  f(»r  measurement  pur¬ 
poses;  engineers  were  shocked  by  holding  the  wronjr 
end  of  a  larjre  Rochelle  salt  crystal;  71  per  cent  of 
all  set  models  displayed  were  supers,  78  per  cent  used 
pentode  tubes  and  94.5  per  cent  used  variable-mu 
tubes. 

Late  in  the  year,  1981,  Kh  ctnniics  and  other  McGraw- 
Hill  publications  moved  into  their  own  buildinjr  at  the 
present  address,  880  West  42  St.  On  Christmas  Day, 
N.B.C.  broadcast  Hansel  and  Gretel  from  the  Metro¬ 
politan  Opera  House. 

1932 

The  new  year  opened  with  recognized  liabilities; — ■ 
radio  overproduction,  engineer  unemployment,  financ- 
iiiK  troubles,  idle  factory  capacity.  The  assets; — a 
hoped-for  automobile  market  for  300,000  receivers  and 
a  hoped-for  increase  in  interest  by  industry  in  the 
vacuum  tube  as  a  control  ajrent. 

In  January  N.B.C.  was  completin>r  the  first  television 
antenna  on  top  the  Empire  State  buildintr,  1250  feet 
above  the  sidewalk.  The  R.C.A.  field  test  of  television 
had  already  bepun,  8  years  apo!  The  Federal  Radio 
Commission,  forerunner  of  the  F.C.C.,  admitted  that 
television  propress  had  been  made  in  1931  but  was 
not  inclined  to  open  the  bands  to  paid  television  until 
niore  propress  had  been  made.  Mechanical  scanninp 
was  used  at  Empire  State,  120  lines  24  frames  and 
enpineers  who  had  seen  the  picture  were  pleased. 
“Within  six  months  a  two-foot  picture  is  expected  with 
a  million-cycle  sideband  required.”  “It  is  extremely 


doubtful  if  any  larpe  scale  sales  can  be  possible  before 
1933.” 

Mercury  vapor  tubes  were  threateninp  the  existence 
of  the  80  type  tube,  a  threat  which  has  not  come  to  any 
fruit.  Tube  prices  to  .set  manufacturers  averaped 
about  40  cents  followinp  a  cut  in  prices  near  the  end 
of  1931. 

In  the  first  1932  issue  of  Kiertrovics  E.  W.  Ritter, 
Research  and  Development  laboratory  of  R.C.A.  Radio- 
tron,  de.scribed  the  benefits  of  utilizinp  the  suppressor 
prid  in  a  pentode  for  r-f  puriioses.  This  was  the  239, 
the  forerunner  of  a  lonp  family  of  multi-element  tubes 
for  preliminary  amplification  and  frequency  conver¬ 
sion  stapes. 

At  the  first  of  the  year  automobile  radio  problems 
were  many.  There  was  no  really  pood  converter  of 
j)ower  for  the  receiver;  the  .sets  cost  too  much  (much 
more  than  10  per  cent  of  the  cost  of  the  car) — and 
free  wheelinp  (then  the  potential  rape  of  the  auto¬ 
motive  world)  was  creatinp  havoc  with  the  charpinp 
problem.  At  the  New  York  Automobile  Show  in 
January  Mallory  showed  a  half-wave  rectifier  usinp  a 
Raytheon  tube;  Bo.sch  demonstrated  its  “Mapmotor.” 
Prices  for  these  convertors  of  several  types  were  of 
the  order  of  $25  to  $80,  hiph  prices  indeed  just  to 
convert  storape  battery  power  to  a  form  useful  by 
the  auto  radio  .set! 

Auto  Radio — the  Great  White  Hope! 

Early  in  the  year  enpineers  were  discussing  Class  B 
amiilification.  David  Grimes  of  the  R.C.A.  License  Lab¬ 
oratory  (established  1930)  talked  about  it  at  the  Chi- 
capo  I.R.E.  section  in  January,  C.  E.  Kilpour  of  Crosley 
and  J.  R.  Nelson  of  Raytheon  wrote  on  the  subject 
in  Electronics. 

Durinp  the  early  months,  industrial  applications  of 
vacuum  tubes  involved  phototube  controlled  elevators, 
continuous  weiphinp  utilizinp  a  .selenium  bridpe  with 
amplified  output,  supersonic  sterilization  of  milk, 
phototube  control  of  humidity,  synchronization  of 
rubber  conveyors  usinp  thyratrons.  Several  articles 
dealinp  with  the  theory  underlying  the  several  indus¬ 
trial  types  of  tubes  were  published  to  acquaint  engi¬ 
neers  with  the  possible  applications  of  such  control 
devices.  The  theremin  was  being  used  by  Dr.  Sto¬ 
kowski  and  the  Philadelphia  Orchestra.  Ranger  and 
Miessner  wei’e  both  active  in  developing  electric  musi¬ 
cal  instruments. 

Flexible  cable  was  used  for  controlling  automobile 
and  home  receivers  by  the  Radio  Vision  Research 
Laboratory  of  the  Federal  Telegraph  Co. 

March  1932  saw  the  annual  presentation  in  Elec¬ 
tronics  of  industry  figures.  Durinp  1931  some  3,340,- 
000  receivers  had  been  produced  for  the  domestic 
market  (471,000  for  export)  representing  a  dollar 
market  of  $212,000,000;  53.5  million  tubes  were  made 
and  sold  for  69.5  million  dollars.  In  spite  of  general 
business  lethargy  radio  sales  held  up  well.  Slightly 
over  100,000  auto  radios  were  sold  at  an  average  price 
of  $55. 

Automobile  radios  were  still  looking  for  ideal  energy 
converter — 12  being  described  in  March  at  list  prices 
varying  from  $18.50  to  $40,  most  of  them  being  rotat- 
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ing  machines.  Raytheon  produced  its  LA  automobile 
power  output  tube,  which  developed  as  much  output  as 
the  247  but  with  a  filament  power  requirement  much 
less. 

Manufacturers  were  beginning  the  runaway  an¬ 
nouncement  of  new  types  of  tubes.  The  46  appeared, 
designed  for  class  B,  the  Triple-Twin  of  Cable  Radio 
for  the  same  purpose  and  the  Wunderlich  detector 
double  grid  tube  (this  brought  on  the  55)  arrived. 
Polydoroff  was  busy  working  on  iron  core  coils. 

In  May,  G.  F.  Metcalf  of  General  Electric  described 
a  new  cathode  ray  tube,  the  first  evidence  of  the  vast 
development  of  tubes  of  this  general  type.  The  FP-53 
was  a  hot-cathode  tube  employing  electrostatic  deflec¬ 
tion  with  anode  voltages  of  5000  to  10,000  volts.  Allen 
DuMont  had  offered  the  first  American  cathode-ray 
tube  in  June,  1931.  C.  B.  Upp  of  Westinghouse 
described  the  RJ-563  heavy  duty  industrial  amplifier 
in  the  same  issue. 

W.  P.  Koechel  of  Ken-Rad  had  started  his  series  of 
tube  applications  utilizing  the  “hole-in-the-meter”  type 
of  indication  and  control.  During  the  early  months 
there  was  much  talk  about  Dr.  Robinson’s  crystal  filter 
receiver  (the  Stenode)  circuits,  and  in  May  1932  Pro¬ 
fessor  Appleton  of  King’s  College  discussed  the  im¬ 
portant  property  of  highly  selective  circuits  of  the 
Robinson  type  characterized  by  the  fact  that  a  strong 
signal  demodulates  a  weak  signal  giving  an  effective 
increase  in  selectivity. 

Radio  Declines  High  Fidelity 

Two-speaker  receivers  were  tried  out,  discussed,  and 
later  dropped.  Engineers  were  clamoring  for  their 
sales  departments  to  permit  a  higher  degree  of  tone 
fidelity  in  radio  receivers,  after  having  listened  to 
phonograph  recordings  out  to  9000  cps,  motion  picture 
reproduction  (Providence,  R.  I.)  out  to  8000  cps. 
Broadcasters  had  pushed  sidebands  out  to  7500  cps. 

At  the  Stevens  Hotel  in  Chicago  in  May  the  R.M.A. 
Trade  Show  displayed  the  wares  of  the  new  .season. 
At  the  same  time  Radio  Row  (Cortlandt  Street,  New 
York  City)  was  flooded  with  1931  receivers  “with  as 
many  big  names  as  the  movie  ‘Grand  Hotel’.’’  R.C.A. 
was  threatening  to  bring  out  another  tube;  and  the 
R.C.A.  licensees  saw  cathode  ray  television  demon¬ 
strated. 

Clear  channels  in  the  broadcasting  .spectrum  were 
slowly  being  whittled  away  limiting  the  useful  range 
of  these  channels  to  local  communities.  The  I.R.E.  set 
up  a  committee  to  help  unemployed  engineers. 

All-wave  receivers  amounted  to  24  per  cent  of  models 
shown  at  Chicago;  70  models  used  two  speakers;  class 
B  was  taking  hold  very  fast,  aided  by  the  mercury 
vapor  rectifier  tubes;  there  were  more  higher  priced 
sets  shown  than  lower  priced  sets  (comparing  prices 
to  the  previous  year)  and  the  averages  of  the  two 
groups  seemed  to  be  in  the  neighborhood  of  $43  and 
$39.  Automatic  tone  control  circuits  were  being  de¬ 
veloped  (these  never  came  into  much  use)  and  auto¬ 
matic  muting  circuits  were  appearing  in  small  quanti¬ 
ties.  Adoption  of  the  6.3  volt  line  of  tubes  by  Philco 
(tubes  by  Sylvania)  had  much  to  do  with  the  later 
general  use  of  these  tubes  by  all  set  makers.  The 
October  1932  issue  of  Electronics  listed  300  different 


types  of  tubes  on  the  American  market.  (  During  1932 
the  number  of  receiving  tubes  nearly  doubled.) 

Later  in  the  year  circuits  for  driving  j)ush-pull 
stages  from  a  single-ended  driver  stage  ( pha.se  re-' 
versal  circuits)  were  described;  acoustically  compen¬ 
sated  volume  controls  which  boosted  the  bass  at  low 
volume  levels  were  in  use,  and  “the  universal  dc-ac 
receiver  made  by  International  (Ann  Arbor)  is  at¬ 
tracting  much  attention  not  only  for  its  small  size  and 
low  co.st,  but  the  ingenious  scheme  to  take  care  of 
service  problems.”  W’hen  the  .set  needed  repairs,  the 
owner  placed  a  dollar  bill  in  an  envelope,  placed  the 
envelope  in  a  slot  in  the  receiver  provided  for  the 
purpo.se  and  shipped  it  back  to  the  factory.  The 
dollar-in-the-slot  idea  did  not  last  long;  but  the  ac-dc 
sets  are  here  to  stay.  Receivers  in  which  the  owner 
could  make  recordings  were  being  improved. 

Settlement  of  the  Government  suit  against  R.C.A. 
occurred  during  the  year  1932.  By  this  consent  de¬ 
cree,  G.E.  and  Westinghouse  divested  themselves  of 
R.C.A.  stock,  and  R.C.A.  was  freed  from  competition  in 
the  radio  set  field  for  30  months  after  which  G.E.  and 
Westinghouse  could  enter  the  hazardous  business  of 
making  and  selling  receivers  on  their  own. 

Increased  u.se  of  directional  broadcast  antennas 
occurred  during  1932;  and  at  the  Fall  Meeting  in 
Rochester  B.  V.  K.  French  gave  his  long-remembered 
analogies  between  the  radio  and  the  photographic  art. 

The  year  saw  increa.sed  sales  of  phototube  relays  but 
the  manufacturers  knew  only  in  few  cases  the  usage  to 
which  these  units  of  package  goods  were  to  be  put. 
Electric  signs  were  turned  on  and  off  automatically  by 
phototubes;  automatic  batching  and  weighing  was 
accomplished  in  a  practical  manner;  eggs  were  can- 
died  by  phototubes;  thyratrons  controlled  steam 
boilers;  razor  blades  were  inspected,  raw  silks  were 
tested  for  thread  size,  colors  were  matched  and  photo¬ 
tube  guards  were  put  on  Radio  City  elevators.  Messrs. 
Lord  and  Livingston  of  G.E.  began  a  .series  of  articles 
which  continued  over  a  long  period,  dealing  with 
applications  of  tubes  to  counting,  to  welding,  to  tim¬ 
ing,  etc. 

The  ribbon  type  microphone  was  produced  during 
1932;  automatic  repeater  stations  for  u-h-f  were 
demonstrated,  and  multiplex  operation  of  a  single 
transmitter  speeded  up  traffic. 

By  the  end  of  the  year  the  industry  had  disposed  of 
2,620,000  .sets,  44.3  million  tubes  with  a  market  value 
of  $196,190,000,  the  .smallest  tube-set  turn-over  since 
1927. 


1933 

In  the  January  issue  editors  prophesied  what  1933 
might  bring.  Already  tests  from  the  Empire  State  had 
demonstrated  the  carrying  power  of  high-altitude 
short-wave  antennas.  Engineers  were  becoming  ac¬ 
quainted  with  automobile  ignition  interference.  Sig¬ 
nals  from  Empire  State  (2  kw  at  44  Me)  were  heard 
atop  Mount  Washington,  and  in  Albany  and  Montauk 
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Point.  An  all-metal  envelope  tube  had  been  developed 
at  Scheneetady.  This  was  not  the  metal  tube  that  later 
on  jarred  the  radio  set  industry,  this  was  a  100-amj) 
industrial  tube — but  it  pointed  the  way.  The  25/J5 
was  on  the  way.  A  ipiarter  million  auto  radios  at 
about  $45,  it  was  hoped,  would  be  .sold  in  ( Actu¬ 

ally  nearly  725,000  were  sold. ) 

Inter-carrier  noise  suppre.ssion,  amplified  avc  ap¬ 
peared.  De.scription  of  the  electron  tube  equipment  in 
Radio  City  Music  Hall  appeared  in  the  February 
issue.  ‘‘It  was  the  electron  tube  that  made  Radio  City 
possible.”  Nearly  a  .score  of  new  receiving  tubes  were 
introduced  in  the  early  days  of  the  new  year.  These 
were  the  b.Ii  volt  tubes  and  the  2A:i,  2A5,  2A7 — note 
the  new  numbering  system.  Gaseous  indicator  tubes 
appeared  on  radio  receivers.  Now  bejjan  the  ur^e  to 
put  two  or  more  tubes  in  one  ^biss  envelope. 

Old  line  manufacturers  were  caught  napping  by  the 
midKfts,  and  it  took  many  of  them  a  lonjr  time  to  Kt*t 
in  on  this  market,  almost  the  only  market  at  the 
moment. 

Auditory  perspective  or  stereophonic  .sound  reproduc¬ 
tion  was  demonstrated  over  a  wire  circuit  from  New 
York  to  Philadelphia.  Later  Dr.  Harvey  Fletcher  and 
his  associates  at  the  Bell  Laboratories  demon.strated 
the  equipment  in  New  York  City.  All-metal  tubes 
(t'atkin)  tubes  were  announced  in  hbiKlimd  and  Amer¬ 
ica.  all  unsuspecting,  was  not  much  interested.  They 
did  not  take  very  well  in  Knjrland,  and  the  Catkin  is 
now  a  museum  piece. 


Radio  Aids  to  Aviation 


Harry  Diamond  of  the  Bureau  of  Standards  dem¬ 
onstrated  his  blind  landiiiK  .system  at  Newark  Airport. 
•At  the  mid-years,  industry  codes  under  NR  A  occupied 
the  time  and  worry  of  many  industrialists;  the  i^ni- 
tron  was  first  described  in  F^lectrnnirs.  thyratrons 
were  put  to  work  weldin>r  the  metal  parts  of  all- 
metal  hijrh  power  tubes  (another  step  toward  metal 
receivin^r  tubes.)  Zworykin  pre.sented  the  icono.scope 
to  the  IRE  .June  2f)  meeting?  in  Chica^ro;  the  Acorn 
tubes  made  their  appearance  early  in  the  Fall  and 
l’>.  .1.  Thompson  de.scribed  them  in  Electronics  (August 
i;»33). 

Indian  summer,  19.33  .saw  a  surprising  upturn  in 
radio  sales — but  industry  was  worryinjr.  Could  NR  A, 
NEMA-RMA  code  supervisors  effect  stabilization  of 
the  radio  industry? 

M  the  end  of  the  year  the  balance-sheet  of  televi¬ 
sion  stated  these  troublesome  factors:  lack  of  detail 
in  pictures,  hijrh  cost  of  receivers,  expense  of  tube 
replacements,  small  ran^e  of  transmitter,  difficulty  in 
chaininjr  stations  together  for  network  programs, 
tremendous  studio  expen.se, — who  will  pay  for  tele¬ 
vision?  Many  of  these  problems  still  vex  television 
people. 

Five  hundred  kilowatts  went  on  the  air  at  WLW  in 
1933  and  continued  to  be  the  talk  of  the  industry  in 
the  following  year.  It  was  hoped  that  other  really  high 
power  stations  would  keep  WLW  company — but  this 
wish  never  materialized.  Facsimile  as  a  broadcast 


service  to  the  public  began  to  be  talked  up,  and  in 
1940  it  was  still  being  talked  about  but  without  wide¬ 
spread  use.  Between  600,000  and  700,000  auto  radios 
were  put  in  cars  during  19.33.  Home  receivers  during 
1933  sold  to  the  number  of  3.7  million  with  a  retail 
value  of  $130  million;  tubes  to  the  number  of  63  mil¬ 
lion.  Auto-radio  vibrators  were  selling  to  manufac¬ 
turers  for  about  $1.50;  components  were  selling  to 
set  makers  for  about  one-third  of  the  1930  prices. 
Hazeltine  engineers  delivered  a  .series  of  papers  on 
high  fidelity  at  the  Philadelphia  I.R.E.  annual  con¬ 
vention. 

1934 

Shield  grid  thyratrons  (Livingston  and  Maser, 
April  1934  Electronics,)  appeared;  double  cathode 
phototubes  were  being  u.sed  for  .sound  on  film  record¬ 
ing,  engineered  by  Dimmick  of  R.C.A. ;  television  from 
Empire  State  to  Camden  was  demonstrated  to  members 
of  the  press.  Tower  antennas  for  broadcasters  were 
coming  into  greater  use.  Farn.sworth  demonstrated 
his  electron  multiplier  tube  utilizing  secondary  emis¬ 
sion.  As.sociated  Press  installed  a  large  inter-city 
photograph  transmission  system  engineered  by  West¬ 
ern  Electric. 

Donald  G.  Fink,  of  M.I.T.,  joined  the  editorial  staff 
of  Electronics. 

Tombstone  models  of  receivers,  more  new  tubes, 
airplane  dials,  program  pre-.selecting  mechanisms 
provided  highlights  for  the  year.  Me.s.srs  Pike  and 
Metcalf,  G.FL,  described  the  all-metal  industrial  tube. 

During  the  year  1934,  C.  J.  Young,  Otho  Fulton, 
.1.  W  L.  H»)gan  continued  work  on  home  facsimile. 
Station  WTM.J  installed  a  Hogan  ‘‘radio  pen”  but  “no 
immediate  commercialization  is  planned.”  At  the  end 
of  the  year  radio  sales  were  running  ahead  of  the 
previous  year  by  an  estimated  40  per  cent;  4.7  mil¬ 
lion  receivers  were  sold. 

Metropolitan  Opera  Hou.se  installed  tube  controlled 
lighting  system;  tube  operated  voltage  regulators 
were  being  used  in  photometry;  and  the  department 
“highlights  of  electronic  devices  in  industry”  con¬ 
tinued  to  point  out  many  applications  of  phototubes, 
amplifiers,  cathode  ray  tubes  and  other  members  of  the 
tube  family  to  non-communication  problems. 

Late  in  1934  S.  Y.  White  read  a  paper  before  the 
Radio  Club  of  America  on  “signal-seeking”  circuits 
(Electronics  January  1935)  and  opened  up  a  whole 
new  box  of  tricks.  Automatic  frequency  control  came 
in;  and  later  went  out  aided  by  components  whose 
frequency  shift  with  temperature,  and  humidity  and 
time  became  negligible. 

A  400  kw  tube-commutated  motor  was  described  be¬ 
fore  the  A.I.E.E.  in  January,  d-c  power  transmission 
came  in  for  more  talk,  the  co-axial  conductor  .system 
was  de.scribed. 

Edgerton  was  working  on  his  high  speed  photog¬ 
raphy  experiments,  later  to  give  a  new  and  remarkable 
insight  into  many  of  the  motions  of  nature  and  of 
man’s  creations. 
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And  on  April  1,  1935  R.C.A.  and  G.E.  disclosed  and 
described  the  all-metal  receiving  tube.  On  April  26 
Major  Armstrong  announced  to  the  newspapers  that 
he  had  developed  a  system  of  frequency  modulation 
for  use  on  high  frequencies  which  reduced  the  noise 
level  to  such  an  extent  that  the  range  of  7-meter  sta¬ 
tions  could  be  quadrupled.  Electron  beam  tubes  were 
discussed  by  B.  J.  Thompson  at  the  Annual  I.R.E. 
convention  (this  led  to  the  6E5  tuning  indicator  tube), 
F.  B.  Llewellyn  received  the  Morris  Liebmann  prize. 

September  1935  Electronics  appeared  in  new  dress, 
on  better  paper,  and  with  expanded  editorial  contents. 
Since  that  date  the  paid  circulation  to  the  publication 
has  doubled  and  each  year  sees  an  increase  in  the 
number  of  readers. 

Automatic  SOS  alarms  were  developed.  Volume  e.x- 
pansion  in  radio  sets  came  in  with  a  boom  and  went 
out  very  quietly.  Zworykin  demonstrated  his  electron 
multiplier  tube  to  the  I.R.E.  in  October;  in  November 
Armstrong  gave  his  historic  paper  on  frequency 
modulation. 


1935-1940 

The  last  five  years  telescope.  The  depression  con¬ 
tinues — at  least  everyone  thinks  so.  Taxes  increase 
tremendously,  one  does  more  business  but  makes  less 
profit.  Engineers  still  tramp  from  one  factory  to 
another.  Manufacturers  find  it  cheaper  to  hire  engi¬ 
neers  than  mechanics  and  have  less  trouble  with 
unions  if  they  do  so.  Industry  is  still  allergic  to  elec¬ 
tron  devices  except  w'here  it  cannot  perform  the  de¬ 
sired  functions  in  any  better  way.  Welding  continues 
to  be  the  big  electron  tube  application,  1000  ignitron 
welders  had  been  placed  in  service  by  Westinghouse 
alone.  Register  control  on  printing  presses,  trimming 
machines  and  similar  equipment  is  the  bright  photo¬ 
tube  application.  All  during  the  1930-1940  period  con¬ 
tinuous  improvements  were  made  in  X-ray  tubes. 
Power  is  still  transmitted  by  ac,  receivers  cut  off 
pretty  sharp  at  4000  cps  or  less;  Armstrong  insists 
that  FM  will  solve  the  radio  problem;  but  radio  peo¬ 
ple  say  that  no  one  wants  better  tone  fidelity.  Tele¬ 
vision  comes  out  of  the  laboratory  and  goes  on  the  air 
definitely  and  at  much  cost;  a  few  receivers  are  sold; 
war  comes  to  the  world. 

During  1936  Zworykin  developed  his  electron  tele¬ 
scope;  Professor  Mimno  discovered  that  therapeutic 
machines  were  creating  the  mysterious  long  range 
havoc  on  communication  channels;  the  beam  power 
tube  and  the  turnstile  antenna  appeared;  Doherty 
worked  out  his  high  efficiency  modulation  circuits; 
Barrow  and  South  worth  demonstrated  hyper-fre¬ 
quency  waveguides;  R.C.A.  put  unattended  repeater 
stations  between  New  York  and  Philadelphia,  operat¬ 
ing  a  circuit  on  100  Me,  feedback  amplifiers  became  the 
plaything  of  engineers  and  college  professors,  follow¬ 
ing  Black’s  earlier  work;  R.C.A.  sold  a  high-fidelity 
Victrola.  It  was  the  year  of  the  Magic  Brain,  the 


Magic  Eye  and  the  Magic  Voice.  Acoustic  networks 
in  radio  sets  gave  some  hope  of  higher  fidelity. 

During  1936  radio  sets  to  the  tune  of  7.6  millions, 
$300  million  were  sold.  Radios  looked  and  sounded 
alike.  The  industry  was  .settling  down.  Trouble.some, 
however,  was  the  talk  about  frequency  modulation, 
television.  New  services,  new  schemes  provided  jobs 
for  engineers  but  sales  departments  demanding  some¬ 
thing  new  all  the  time,  didn’t  want  anything  too  new. 
WQXR,  broadcasting  high  quality  record  music  in 
evening  hours  (1937),  slowly  gathered  to  its  fold 
many  thou.sands  of  New  York’s  critical  listeners  tired 
of  blah.  Push-button  tuning  became  the  vogue,  Philco 
demonstrated  441-line  television,  engineers  scjuabbled 
over  standards  for  television. 

In  August  1937  it  was  reported  that  fewer  metal 
tubes  were  used  in  home  receivers  than  the  previous 
years,  substitutes  for  metal  tubes  were  invented.  In 
August  1937  Don  Fink  began  the  construction  of  Elec¬ 
tronics  laboratory  television  receiver,  de.scribed  in  a 
series  of  papers  in  1938.  The  Engstrom-Holmes  seri4‘s 
of  articles  on  the  practical  aspects  of  television  re¬ 
ceiver  design  and  manufacture  was  published  in  1938. 
Several  new  methods  of  attaining  higher  modulation 
efficiencies  were  described  before  the  I.R.E.  in  1938 
and  came  into  rather  general  use  in  the  following 
years.  The  1851-1852  high  mutual  conductance  tubes 
appeared  to  aid  television  receivers.  The  highlight  of 
the  1938  Fall  Meeting  was  the  Seeley-Foster  television 
demonstration. 

1938  and  1939  seemed  to  have  been  years  of  com¬ 
parative  quiet,  if  one  is  to  judge  by  looking  over  the 
periodicals  of  that  period.  Television  advanced  slowly. 
N.B.C.  bearing  the  burden  of  putting  programs  on 
the  air.  C.B.S.  bought  a  transmitter  but  continued 
to  make  changes  in  it  at  the  end  of  1939.  Armstrong 
put  his  Alpine  W2XMN  f-m  transmitter  on  the  air. 
Radio  Engineering  I..aboratories  built  .several  trans¬ 
mitters  for  the  Yankee  network  and  others,  several 
receivers  were  made  ready  for  the  market.  The 
arguments  of  am  vs.  fm  and  of  wide-hand  vs  narrow- 
band  fm  became  quite  acrimonious  and  at  the  end 
of  the  year  1939  plans  were  made  to  reveal  all  at  a 
meeting  of  the  F.C.C.  early  in  1940.  Improved  pic¬ 
tures  cross  the  Atlantic  via  R.C.A.  and  Western  Union. 

This  review,  admittedly  brief  and  admittedly  omit¬ 
ting  many  important  events  cannot  end  without  some 
thoughts  to  the  future.  Electron  tubes  continue  to 
go  into  industry  slowly,  but  there  is  no  revolution  a.'- 
was  dreamed  of  10  years  ago.  Broadcast  stations  con¬ 
tinue  to  fill  the  air  with  drivel — and  then  by  contra.st  to 
give  us  the  Metropolitan  Opera,  the  To.scanini  broad¬ 
casts,  the  Philharmonic.  Mae  W’est  and  Orson  Welle.' 
have  served  their  purpose.  Europe  and  Asia  at  war, 
America  continues  to  be  the  land  of  the  free  and  the 
continent  of  hope.  Radio  has  settled  down;  broadcast¬ 
ing  is  a  necessary  part  of  the  national  life.  Seeing  a' 
w'ell  as  hearing  is  on  the  way,  even  if  slowly. 

Continued  research  and  development  into  apparatus 
for  the  ultra-high  frequencies  point  toward  a  vastlv 
increased  communication  service  in  the  microwave.-. 

Motions  of  electrons  under  control  continue  to  offer 
much  to  man;  who  can  guess  what  another  10  yeai.s 
will  bring? 
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Hy  M.  1*.  WILDER  and  .1.  A.  HRl  STMAX 

.1  Trlrriaioii  CoriHtration 


AS  the  public  interest  and  com¬ 
mercial  activity  in  television 
I'roadcastinfj  increase,  more  and 
niore  manufacturing  organizations  in 
the  radio  field  are  faced  with  the 
I»n)blem  of  developinj?  the  necessary 
enjrineerinjr  facilities  to  allow  the  de- 
sijrn  and  development  of  suitable 
transmitting  and  receiving  equip¬ 
ment.  The  central  feature  of  these 
engineering  facilities  is  a  generator 
of  the  standard  video  signal,  which 
provides  a  signal  waveform  similar 
to  that  which  modulates  the  carrier 
of  the  television  transmitter.  Such 
a  generator  was  required  by  the 
American  Television  Corporation  as 
a  >ource  of  standard  picture  signal 
for  general  receiver  development  and 


testing,  as  well  as  for  the  develop¬ 
ment  of  a  television  service  for 
hotels,  department  stores,  and  hospi¬ 
tals.  The  latter  purposes  made 
nece.ssary  a  highly  compact  and  semi¬ 
portable  unit,  including  a  camera 
which  could  be  operated  some  dis¬ 
tance  from  the  generator  itself. 

This  equipment  is  to  be  described 
in  a  series  of  articles,  of  which  this 
is  the  first,  in  sufficient  detail  to 
make  possible  its  duplication  by  read¬ 
ers  who  may  wish  to  do  so.  The  equip¬ 
ment  is  of  necessity  complicated — 
there  are  over  150  tubes  in  the  gen¬ 
erator  all  told — and  it  is  quite  pos¬ 
sible  that  few  readers  will  have  the 
opportunity  or  need  of  building  the 
complete  unit.  However,  the  design 


and  construction  of  a  standard  pic¬ 
ture  signal  generator  involves  virtu¬ 
ally  every  function  in  television  en¬ 
gineering.  Thus  the  reader,  who 
wishes  to  know  how  a  certain  func¬ 
tion  is  performed,  or  to  construct  a 
unit  capable  of  performing  that  par¬ 
ticular  function,  may  find  useful  in¬ 
formation  in  these  articles. 

The  front  and  rear  views  of  the 
generator,  complete  except  for  the 
camera,  are  shown  in  Fig.  1.  Stand¬ 
ard  rack-and-panel  assemblies  are 
used.  The  panels  at  the  left  (front 
view)  contain  the  following  items  of 
equipment,  from  top  to  bottom :  oscil¬ 
loscope  for  viewing  the  signal  wave¬ 
forms;  sync  signal  shaping  unit; 
sync  signal  timing  unit;  iconoscope 
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the  ‘leiieratioii  of  the  .^tandanl  K.M.A.  T-1  1 1  video  signal,  ineliiding  eainera.  syne  signal 
generator,  mixing,  shading  ami  keystone  einaiits.  monitor,  r-f  niodnlator  and  receiver 


A  Picture  Signal  Generator— I 


Fiq.  1  "Front  and  rear  views  oi  the  rack  assemblies.  These 
chasses  contain  the  complete  equipment  with  the  exception  oi 


the  camera  and  the  preamplifier  which  is  mounted  in  the  camera 
housing.  The  generator  and  auxiliaries  contain  157  tubes  in  all 
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Fig.  2 — Left,  the  periormance  of  the 
generator  as  revealed  by  a  test  chart, 
original  at  the  left,  reproduction  at  the 
right.  The  horizontal  resolution  of  the 
reproduction  exceeds  450  lines  (effec¬ 
tive  frequency  range  above  4.5  Me). 
The  interlacing  is  free  of  any  observ¬ 
able  instability 
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Fig.  3 — Below,  the  camera.  The  view 
from  the  rear  with  cover  removed 
shows  the  iconoscope  camera  tube 
and  the  wire  shield 


for  the  monitor,  1200  volts  for  the 
iconoscope,  and  1000  volts  for  the 
oscilloscope.  This  is  a  rather  for¬ 
bidding  array  of  power  supplies,  but 
little  is  saved  by  trying  to  consoli¬ 
date  them,  and  much  is  gained  in 
flexibility  and  freedom  from  circuit 
interaction. 

The  timer  and  shaper  units  pro¬ 
duce  the  synchronizing  pulses  in 
accordance  with  the  R.M.A.  recom¬ 
mendations  (441  lines  60  fields  per 
second).  These,  with  blanking  im¬ 
pulses  generated  in  the  same  units, 
are  fed  to  a  mixing  amplifier  which 
accepts  also  the  output  of  the  cam¬ 
era  preamplifier.  The  mixed  video 
signal  is  then  amplified  in  a  line  am¬ 
plifier,  applied  to  the  monitor  tube 
and  oscilloscope  (the  oscilloscope 
may  be  connected  to  any  portion  of 
the  generating  circuits  by  a  plug 
connection)  and  used  to  modulate  an 
r-f  oscillator  for  r-f  and  i-f  testing. 
Pulses  from  the  synchronization  sig¬ 
nal  generator  are  available  for  .syn¬ 
chronizing  any  external  equipment, 
such  as  remote  Kinet  viewing- 
screens  in  hotel  rooms. 

To  cancel  the  .spurious  shading 
signal  generated  in  the  iconoscope,  a 
shading-correction  generator  pro¬ 
duces  sine,  parabolic,  and  sawtooth 
waves  at  60  and  13,230  cps,  of  vari- 
Functwm  of  the  various  parts  amplitude  and  capable  of  being 

The  basic  power  for  the  critical  shifted  in  pha.se  through  360  de¬ 
units  is  supplied  by  five  electron!-  grees.  The  deflection  of  the  scan- 
cally-regulated  power  supplies  (one  ning  beam  in  the  iconoscope  is  ac- 
example  of  which  is  shown  in  Fig.  5),  complished  with  conventional  block- 
each  capable  of  delivering  280  volts  ing-discharge  oscillators  and  ampli- 
dc,  with  an  internal  resistance  of  fiers.  Trapezium  distortion  (aris- 
one-quarter  ohm.  Four  other  con-  ing  from  the  oblique  scanning  of 
ventional  sources  of  power  for  the  the  mosaic  plate  in  the  iconoscope) 
oscilloscope,  monitor  and  iconoscope  is  corrected  in  the  horizontal  icono- 
sweep  circuits  and  the  television  re-  scope  sweep  circuits.  The  monitor 
ceiver  are  also  provided.  The  high  picture  tube  is  of  the  short  9-inch 
voltage  sources  include  7500  volts  variety  which  gives  sharp  focus. 


sweep  circuits;  the  shading-correc¬ 
tion  signal  generator;  and  at  the 
bottom  two  regulated  power  sup¬ 
plies.  The  rack  at  the  right  includes 
a  4-channel  television  receiver  (sight 
and  sound) ;  the  9-inch  monitor  pic¬ 
ture  tube  and  controls;  line  ampli¬ 
fier;  mixing  amplifier  (which  com¬ 
bines  the  camera  signal,  sync  signals 
and  blanking  signals) ;  two  regulated 
power  supplies;  and  at  the  bottom 
the  sound  output  channel,  and  the 
picture  and  sound  r-f  channels. 

The  performance  of  the  equipment 
(which  operates  with  the  standard 
R.M.A.  441-line  T-111  type  of  signal, 
but  is  flexible  enough  to  allow  con¬ 
siderable  variation  from  this  stand¬ 
ard  if  necessary)  may  best  be  judged 
from  a  test  pattern,  as  shown  in 
Fig.  2.  The  most  critical  aspect  of 
performance  is  the  horizontal  resolu¬ 
tion,  which  exceeds  450  lines.  This 
considerably  exceeds  the  perform¬ 
ance  capabilities  of  present-day  tele¬ 
vision  transmitters,  and  is  in  fact  in 
excess  of  the  maximum  resolution 
which  may  be  transmitted  within  the 
R.M.A.  ether  channel.  The  video 
amplifiers  are  in  general  flat  to  4.5 
or  5  Me,  overall,  whereas  the  maxi¬ 
mum  required  frequency  for  modu¬ 
lation  is  about  4  Me. 
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and  is  relatively  free  from  ion  blem¬ 
ishes  since  magnetic  focusing  and 
deftection  are  employed.  A  four- 
channel  receiver  is  provided  to  per¬ 
mit  comparisons  with  the  generator 
output,  as  well  as  to  provide  a  source 
of  program  when  the  generator  is 
used  as  a  signal  source  in  hotels, 
stores  and  the  like.  The  operation 
of  the  completed  generator  has  been 
found  satisfactory  in  all  respects. 

In  the  description  that  follows,  the 
equipment  is  arranged  in  logical  or¬ 
der,  i.e.  the  present  installment  de¬ 
scribes  the  camera,  preamplifier,  and 
the  auxiliary  iconoscope  power  sup¬ 
plies  and  sweep  circuits.  The  order 
in  which  the  various  units  are  con¬ 
structed  in  practice  may  not  follow 
this  logical  order  (for  example  an 
oscilloscope  should  be  available  be¬ 
fore  the  performance  of  the  pream¬ 
plifier  can  be  judged  accurately)  but 
the  usual  laboratory  test  equipment 
(including  an  oscilloscope,  i-f  and 
r-f  signal  generator,  vacuum  tube 
voltmeter,  and  beat  frequency  oscilla¬ 
tor)  is  sufficient  to  test  each  item  of 
equipment  as  it  is  built. 

Camera  and  Preamplifier 

The  camera,  shown  in  Fig.  3,  con¬ 
tains  the  iconoscope  and  preamplifier 
housed  in  an  aluminum  shield  which 
alsd  .serves  as  the  camera  housing. 
An  f  3  lens  of  24  cms  focal  length 
is  used.  The  preamplifier  (Fig.  4) 
is  ba.sed  after  the  design  of  Allen 


Harco’  of  the  RCA  License  Labora¬ 
tory. 

This  amplifier  employs  a  degener¬ 
ative  cathode-coupled  first  stage  to 
reduce  the  effect  of  input  capacitance 
of  the  grid  circuit  by  a  factor  l/(  l-f- 
g„R)  where  R  is  the  cathode  resist¬ 
ance  and  g„  is  the  tran.sconductance 
of  the  first  tube.  A  shield  made  of 

*  lUiroo.  “An  Iconosfop**  I’rcainplilnT". 
I{('\  lliriiir,  »  (1).  SO  (.Inly  llt.T.M.  Fink. 
I>.  (1  ••I'riiH-iplfs  of  ToU-vision  Kn^rinctTiii);''. 
M<'(ira\v  Hill  Hook  Co.,  Ni-w  York.  I'.tin. 
pat'o  :‘.;n 


wire  fitted  around  the  bulb  of  the 
icono.scope  further  reduces  the  input 
capacitance.  The  complete  circuit 
is  shown  in  Fig.  6. 

The  effective  input  resistance  in 
the  first  video  stage  is  about  300,000 
ohms,  due  to  the  effect  of  the  degen¬ 
erative  current  flowing  through  the 
750-ohm  cathode  resistor.  This  high 
value  of  resistance  results  in  a  more 
favorable  signal-to-noise  ratio,  since 
the  thermal  noi.se  varies  as  the  square 
root  of  the  resistance,  whereas  the 
signal  voltage  varies  (within  lim¬ 
its)  with  the  first  power  of  the  re¬ 
sistance.  The  signal  voltage  at  high 
frequencies,  however,  is  limited  al¬ 
most  entirely  by  the  shunt  capaci¬ 
tance  associated  with  this  resistance. 
In  the  circuit  shown,  the  effective 
shunt  capacitance  has  been  reduced 
to  Sppf.  The  combination  of  300,- 
000-ohm  resistance  and  S-ppf  capaci¬ 
tance  results  in  high  generated  sig¬ 
nal  through  most  of  the  video  range, 
but  the  high  frequencies  are  atten¬ 
uated.  The  high  frequency  loss  is 
compensated  in  the  third  stage, 
which  has  a  peaked  response  in  the 
high  frequency  region.  The  second 
stage  is  a  straightforward  shunt- 
peaked  video  amplifier. 

The  third  stage  is  the  high-fre¬ 
quency  compensating  stage.  Barco 
shows  that  if  the  load  impedance  is 
of  the  series  form  R  -i-  j  w  M  and  the 
magnitudes  of  R  and  M  are  properly 
related  to  the  input  resistance  and 


Fiq.  5 — Circuit  diagram  of  the  high-voltage  and  regulated  low- 
voltage  power  supplies  for  the  iconoscope,  sweeps,  and  preamplifier 
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Fig.  6 — Circuit  diagram  oi  the  preamplifier  which  brings  the  iconoscope  output 
voltage  up  to  0.1  volt,  while  maintaining  an  overall  flat  response  to  5  Me 


capacitance  at  the  first  stage,  the 
response  will  be  of  constant  ampli¬ 
tude  and  of  linear  phase  shift 
through  the  video  band.  The  resist¬ 
ance  R,  in  the  plate  of  the  third  stage, 
is  made  variable  and  is  adjusted  for 
the  optimum  value  by  observing  the 
image  in  the  monitor  picture  tube.  A 
very  wide  range  of  compensation  is 
made  possible  by  this  arrangement. 
The  gain  ratio  at  low  and  high  fre¬ 
quencies  at  the  output  of  the  first 
stage  is  about  400-to-8  whereas  the 
compensation  introduced  in  the  third 


lower  than  normal.  The  final  stage 
is  cathode-coupled  to  offer  a  low  im- 
pendance  (about  65  ohms)  output. 

The  construction  of  the  preampli¬ 
fier  is  shown  in  Fig.  4.  The  first 
stage  appears  in  the  lower  left  hand 
corner,  and  is  followed  in  order  by 
the  others.  The  variable  load  resist¬ 
ance  in  the  third  stage  is  arranged 
for  external  adjustment.  The  bi- 
filar  coil  in  the  third  stage  may  be 
seen  just  above  the  third  type  1851 
tube.  The  tubes  should  be  mounted 
with  pins  2  and  7  in  a  vertical  plane 


Power  for  the  preamplifier  is  ob¬ 
tained  from  the  electronically-reg¬ 
ulated  power  supply  shown  in  Fig.  5. 
The  heaters  of  the  preamplifier  tubes 
are  heated  from  a  7.5-volt  copper- 
oxide  rectifier  eciuipped  with  a  pi- 
type  filter.  This  d-c  heating  current 
materially  lowered  the  hum  intro¬ 
duced  in  the  amplifier,  and  at  the 
same  time  a  convenient  source  of 
current  for  the  two  bias  lights  was 
provided.  The  bias  lights  consist 
of  two  flashlight  lamps  which  illu¬ 
minate  the  interior  of  the  iconoscope 


stage  is  about  8-to-400.  The  fourth  to  minimize  sagging  of  the  grid  from  the  rear  (no  light  must  fall  on 
stage  is  conventional,  except  that  a  wires  and  consequent  grid-to-cathode  the  back  of  the  mosaic  plate,  how- 
somewhat  larger  than  normal  load  shorts.  The  amplifier  is  mounted  on  ever).  The  bias  lighting  materially 
resistance  is  used  because  the  stage  bakelite,  fitted  with  the  shields  and  improves  the  shading  difficulties  and 
is  followed  by  a  cathode-follower  then  slipped  into  the  L-shaped  case  hence  permits  higher  contrast  in  the 
stage  whose  input  capacitance  is  and  cover.  picture.  The  bias  lighting  must  be 


Fig.  7 — Circuit  diagram  oi  the  iconoscope  sweep 
circuits  ond  the  horisontal  and  vertical  shading  source 


produced  with  well-filtered  direct 
current.  Two  .strips  of  scotch  tape 
(visible  in  Fit?.  3)  are  used  to  shield 
the  mosaic  plate  from  the  bias  lijjhts. 
The  iconoscope  heater  is  fed  from 
alternating?  current.  The  hi^h  volt- 
a^o  supply  for  the  icono.scope  must 
be  well  filtered,  as  shown  in  Fij?.  5. 

The  IcunoHcope  Sweep  Circuits 

The  connection  diagram  of  the 
iconoscope  sweep  circuits  is  shown 
in  Fig.  7.  Several  distinct  functions 
have  been  incorporated  in  this  unit. 
In  the  first  place,  two  input  terminals 
are  jirovided  to  receive  the  horizontal 


sates  for  the  oblique  angle  of  scan¬ 
ning.  The  resi.stors  Rt  and  R,  are 
adjusted  while  viewing  the  picture 
on  the  monitor  until  the  image 
(which  has  a  trapezoidal  shape  in 
the  absence  of  the  modulation)  as¬ 
sumes  a  true  rectangular  shape.  R, 
controls  the  balance  of  the  correction 
on  either  side  of  the  pattern  and  Rt 
controls  the  amount  of  compen.sation. 

The  horizontal  output  amplifier  is 
conventional,  including  a  distribution 
( waveshape)  control  and  centering 
control  in  the  cathode.  The  5V4G  is 
the  usual  damping  tube  required  to 
damp  the  residual  oscillation  at  the 


the  tube  axis.  The  vertical  coils 
consist  of  540  turns  each,  number  28 
enameled  wire.  Each  coil  is  wound 
in  six  “pies”  or  groups  of  turns  of 
90  turns  each.  The  dimensions  of 
the  winding  jig  are  shown  in  Fig.  8. 
The  pie  sections  are  kept  .separate 
by  pins  separated  of  an  inch  apart 
as  shown  in  the  sketch. 

The  horizontal  coils  are  wound  in 
a  single  group  of  90  turns,  of  number 
26  enameled  silk  wire.  The  thick¬ 
ness  of  the  coil  is  0.036  inch.  The 
coils  are  then  formed  on  a  cylindrical 
mandrel.  In  inch  in  diameter.  The 
long  dimension  of  each  coil  is  par- 


Fig.  8 — Dimension*  oi  the  jigs  on  which  the  horizontal 
and  vertical  deflecting  coils  are  wound.  The  vertical  coils 
are  wound  in  six  pies,  separated  by  the  pins  on  the  jig 


Fig.  9 — The  iconoscope  deflecting  yoke.  The  coils  are 
wound  in  a  flat  plane,  then  formed  on  a  cylinder, 
cemented,  insulated,  and  wrapped  with  soft  iron  wire 


‘  13,230  cps)  and  vertical  (60  cps) 
sync  pulses  from  the  .synchroniza¬ 
tion  signal  generator.  The  6F8G 
double  triode  tube  (at  left  in  the 
diagram)  reverses  the  phase  of  the.se 
signals.  The  outputs  of  these  triodes 
may  be  used  in  either  of  two  ways. 
They  may  drive  the  blocking  o.scilla- 
tors  (6N7  tubes  above  and  below, 
next  to  the  right),  or  they  may  be 
connected  directly  to  the  output  am¬ 
plifiers  (2-6L6’.s  for  the  horizontal 
scanning,  one  section  of  a  6F8G  for 
the  vertical).  The  6SJ7  tube  (top 
center)  is  used  to  introduce  the 
trapezium  correction.  The  vertical 
sawtooth  waves  from  the  6V6  stage 
are  applied  through  resistors  R,  and 
Ri  to  the  plate  and  screen  of  the 
6SJ7  modulator  tube  amplifier.  The 
modulator  tube  in  turn  modulates 
the  amplitude  of  the  horizontal  saw¬ 
tooth  wave  at  the  vertical  sawtooth 
fre(iuency.  This  assures  wider  scan¬ 
ning  at  the  bottom  of  the  mosaic 
plate  than  at  the  top,  which  compen- 


ba.se  of  the  sawtooth  current  im¬ 
pulses. 

A  separate  shading  discharge  tube 
(6J5)  is  used  to  develop  the  vertical 
sawtooth  for  vertical  shading  correc¬ 
tion,  from  the  blocking  oscillator.  The 
horizontal  shading  output  is  taken 
directly  from  the  horizontal  blocking 
o.scillator.  These  shading  voltages 
are  used  to  control  the  shading  gen¬ 
erator.  The  sine  wave  and  parabolic 
shading  waves  are  derived  from  them 
in  circuits  to  be  described  later. 

Three  separate  discharge  tubes 
are  used  following  the  vertical  block¬ 
ing  oscillator:  one  for  the  deflection 
system,  one  for  the  trapezium  cor¬ 
rection,  and  one  for  the  sawtooth 
shading  signal  output. 

The  Deflection  Yoke 

The  deflection  yoke  for  the  icono¬ 
scope  is  shown  in  Figs.  8  and  9.  It 
consists  of  two  vertical  coils  in  series 
and  two  horizontal  coils  in  series, 
arranged  on  axes  at  right  angles  to 


allel  to  the  axis  of  the  mandrel.  The 
turns  on  the  end  of  the  horizontal 
coils  are  bent  sharply  backward  away 
from  the  axis  of  the  yoke.  The  coils 
are  assembled  on  a  bakelite  tube  in¬ 
sulated  with  empire  cloth,  cemented 
with  ambroid  cement  (wax  impreg¬ 
nation  is  not  used),  and  the  whole 
structure  is  then  wound  with  three 
layers  of  number  26  oxidized  and 
annealed  steel  wire.  Two  layers  of 
0.005-inch  thick  soft  iron  sheet  also 
serve  satisfactorily. 

The  timer  and  shaping  unit  of  the 
synchronization  signal  generator  will 
be  described  in  the  next  installment. 
The  authors  wish  to  express  their 
appreciation  to  Messrs.  Martin, 
Schiesel,  Ekstrand  and  Shulz  for 
their  assistance  in  constructing  the 
unit  and  for  their  many  helpful  sug¬ 
gestions  in  its  design.  They  also  wish 
to  express  their  appreciation  to  Mr. 
Beverly  Dudley  of  Electronics  and 
Photo  Technique  for  his  excellent 
photographs  of  the  apparatus. 
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“D-157654”— a  Megacycle  Repeater 

A  new  Western  Electric  re}>eater  tube  for  wideband 
coaxial  circuits,  which  packs  plenty  of  into  a  small  space 


Upper  left,  the  new  tube  is  a  pen¬ 
tode  with  a  gin  value  ol  2600  mi¬ 
cromhos.  and  a  sum  of  input  and 
output  capacitance  of  5.2  Its 

figure  of  merit  for  wideband  service 
is  accordingly  over  500.  which  puts 
it  in  o  class  by  itself 

Upper  right,  the  control  grids  are 
perhaps  the  most  delicate  ever  put 
into  a  vacuum  tube:  200  turns  per 
inch,  of  wire  0.001  inch  in  diameter. 
Each  grid  before  assembly  is  han¬ 
dled  in  a  separate  cylinder  of 
glass,  and  packed  in  the  container 
shown  above.  The  whole  set-up 
looks  something  like  the  200-inch 
Mt.  Palomor  telescope  mirror  in 
miniature 


Lower  left,  the  girls  who  mount  the 
elements  must  have  the  manual 
dexterity  of  a  jeweler,  but  once  this 
adeptness  is  acguired,  the  time  re¬ 
quired  for  completing  the  mount  is 
not  much  longer  than  in  more  con¬ 
ventional  tubes.  Here  the  elements 
are  mounted  on  the  support  micas 
and  welded  to  the  stem 


The  grids  of  the  new  tube  must  be 
held  to  such  narrow  tolerances  that 
inspection  in  a  Balopticon  is  essen¬ 
tial.  Here  a  shadow-image  of  the 
suppressor  grid  (60  wires  per  inch, 
each  0.002  inch  in  diameter)  is  en¬ 
larged  thirty  diameters  and  checked 
within  plus  or  minus  two  thou- 


The  COAXIAL 
LOUDSPEAKER 


A  high-freqiieiicv  speaker,  nested  within  the  eone  of  the  low-fre(jueney  unit  and  |»ro!(M“ted 
from  the  low-frecjiieney  acoiistie  output.  The  (‘oinl)ination  lias  exeellent  freipieney  ranjie, 
low  distortion,  wide-angle  distrihiition.  while  offering  a  single  localized  source  of  souiul 


By  BENJAMIN  OLNEY 

Stnimhi’rff  Cnrluiin  Telephone  MiiiiufailuriHii  Cu 


INTEREST  in  loudspeakers  of 
wide  frequency  range  has  been 
heightened  by  the  recent  advent  of 
radio  transmission  systems  which 
are  not  subject  to  the  usual  audio 
frequency  band  width  limitations. 
Frequency  modulation  systems  in 
particular  offer  the  possibility  of 
reception  up  to  the  highest  audible 
frequencies  together  with  a  large 
increase  in  signal  to  noise  ratio. 
While  extended  frequency  range 
loud  speakers  have  been  available 
for  some  years  past,  their  full  pos¬ 
sibilities  could  not  generally  be 
realized  in  radio  receivers,  chiefly 
because  of  the  increase  in  repro¬ 


duced  noice  resulting  from  the  wid¬ 
ening  of  the  frequency  band.  It  is 
believed  that  the  noise-reduction  fea¬ 
ture  of  the  frequency  modulation 
system  together  with  its  low  non¬ 
linear  distortion  makes  practical  for 
the  first  time  the  utilization  of  the 
full  audible  range  in  broadcasting. 

Advantages  of  Dual  System 

The  loudspeaker  system  to  be 
described  was  designed  to  be  housed 
in  a  console  radio  receiver  of  moder¬ 
ate  size.  It  is  of  the  dual  type  em¬ 
ploying  separate  dynamic  cone  loud¬ 
speakers  for  the  high  and  low  fre¬ 
quency  ranges,  and  each  speaker  is 


Fig.  1 — Peak  powers 
delivered  by  an  or¬ 
chestra  within  various 
frequency  regions 
(after  W  e  n  t  e  and 
Thuras) 


i  12 

10 

(0 

,l« 

■u6 

$ 

54 

0 

IZ 

*•  0 

r 

— 

MB 

62  5  125  250  500  1,000  2.000  4.000  11,500 
Frequency- Cycles  per  Second  . 

fed  its  appropriate  fretpiency  band 
through  a  common  dividing  network 
of  the  four  element,  constant  resis¬ 
tance  type.  Its  effective  frequency 
range  is  from  below  G5  cps  to  above 
10,000  cps. 

The  well  known  and  outstanding 
advantage  of  the  dual  .system  is 
that  each  of  its  loudspeakers  may  be 
designed  specifically  for  its  own  re¬ 
stricted  frequency  range,  thus  over¬ 
coming  to  a  large  extent  the  limita¬ 
tions  impo.sed  by  the  inherent  design 
conflict  between  frequency  range 
and  power  handling  capacity.  There 
are  other  advantages,  however,  that 
merit  consideration.  First,  the  onset 
of  beam  radiation  may  be  postponed 
to  a  higher  frequency  and  the  direc¬ 
tional  characteristic  in  general  may 
be  much  improved  by  taking  ad¬ 
vantage  of  the  greater  'reedom  of 
choice  afforded  in  the  size  of  the 
radiators  to  make  the  diameter  of 
the  high  frequency  cone  as  small 
as  possible.  Second,  it  is  known  that 
most  cone-type,  moving-coil  loud 
speakers  are  somewhat  non-linear 
at  large  amplitudes.  The  resulting 
distortion  of  low  frequency  waves 
alone  is  usually  not  unpleasant  to 
the  ear.  However,  when  such  a 
loudspeaker  is  supplied  with  a  com¬ 
plex  input  signal  comprising  com¬ 
ponents  of  low-frequency  and  largo 
amplitude  together  with  high  fre¬ 
quencies,  the  high  frequencies  ar  * 
modulated  by  the  low  frequencies 
and  an  aurally  unpleasant  form  of 
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distortion  results.  Such  etTects  are 
much  reduced  in  dual  systems  be¬ 
cause  the  restricted  frequency  ranjr^ 
of  the  low  freijuency  speaker  cur¬ 
tails  the  modulation  po.ssibilities. 

Choice  of  Cross-over  Frequency 

It  is  possible  by  careful  desijjn  to 
jiroduce  a  cone  type  low  freijuency 
loudspeaker  of  moderate  size  that 
will  afford  a  mid-range  response  sub¬ 
stantially  flat  up  to  about  1500  cps 
and  falling  off  above  that  frequency. 
Also,  to  obtain  a  smooth  response 
and  wide  angular  distribution  re¬ 
quires  that  the  high  frequency 
speaker  cone  be  small,  which  re¬ 
stricts  its  power  handling  capacity 
because  of  amplitude  considerations. 
As  the  power  delivered  by  musical 
instruments  is  much  smaller  in  the 
higher  than  in  the  lower  frequency 
bands,  it  appears  logical  to  take  full 
advantage  of  the  flat  response  range 
of  the  low  frequency  speaker  and  fix 
the  cross-over  frequency  at  1500  cps. 
Then  we  may  design  the  high  fre¬ 
quency  speaker  with  the  smallest 
coin  capable  of  handling  the  expected 
maximum  input  power  at  feasible 
amplitudes.  That  a  1500  cps  cross- 
ovei  frequency  also  is  advantageous 
"ith  respect  to  the  power  handling 
capav  ity  required  in  the  high  fre- 
queiii  y  speaker  will  be  appreciated 
upon  inspection  of  Fig.  1,  derived 
fron:  the  original  data  of  Sivian, 
Dunn  and  White*  by  Wente  and 
Thuras*.  It  will  be  .seen  that  a  higher 


cross-over  frequency  would  not 
greatly  reduce  the  requirements, 
while  a  substantially  lower  cross¬ 
over  might  increase  them  nearly  ten¬ 
fold.  The  fact  that  the  chosen  cross¬ 
over  frequency  is  located  in  the 
midst  of  the  important  speech  fre¬ 
quency  range  is  a  di.sadvantage  in 
ordinary  designs,  but  this  difficulty 
is  overcome  in  the  present  system  in 
a  manner  which  will  be  described 
later. 

Construction  of  the  Speakers 

The  low  frequency  loudspeaker  has 
an  8-inch  diameter  cone  and  is  pro¬ 
vided  with  a  large  and  powerful 
field  magnet.  A  ribbed,  moulded 
fiber  cone  of  unusual  rigidity  is  used, 
and  is  fitted  with  an  edge  suspension 
of  carpincho  leather.  The  leather 
edge  was  found  necessary  to  sup¬ 
press  strong  peaks  above  the  cross¬ 
over  frequency  which  otherwise 
would  have  overcome  the  attenua¬ 
tion  of  the  dividing  network.  The 
back  of  the  cone  works  into  a  laby¬ 
rinth’,  enabling  this  moderate  sized 
speaker  to  handle  comparatively 
large  input  powers  at  low  frequencies 
and  to  radiate  these  low  frequencies 
effectively  and  without  undesirable 
resonances. 

The  moulded  fiber  cone  of  the 
high-frequency  loudspeaker  is  only 
inches  in  diameter.  It  is  driven 
by  a  very  light  aluminum  coil  in  a 
12500  gauss  field  and  has  an  edge 
suspension  of  carpincho  leather.  The 
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Fig.  2 — Photograph  oi  coaxial  dual 
loudspeakers  viewed  from  front  of 
baffle 


latter  was  found  essential  for  secur¬ 
ing  smooth  response  and  adequate 
power  handling  capacity.  Edge 
damping  plays  an  important  role  in 
small  cone  structures  because,  over 
the  frequency  range  wherein  flexural 
waves  are  propagated  through  the 
diaphragm,  large  amounts  of  vibra¬ 
tory  energy  reach  the  edge  over  the 
comparatively  short  radial  paths. 
At  these  high  frequencies  the  leather 
affords  strong  damping,  preventing 
e.xcessive  reflection  and  the  develop¬ 
ment  of  sharp  cone  resonances. 

The  center  suspension  consists  of 
a  thin  disc  of  hard  aluminum  alloy 
having  a  moderate  degree  of  stiff¬ 
ness.  Low  damping  is  an  essential 
requirement  in  this  suspension  as 
any  mechanical  resistance  therein  is 
directly  effective  in  reducing  the  vi¬ 
bratory  energy  available  for  driving 
the  cone.  Substitution  of  a  disc  of 
the  usual  fibrous  material  causes  a 
noticeable  loss  in  efficiency. 

The  back  of  the  high  frequency 
cone  is  tightly  enclosed  by  its  sup¬ 
porting  pan.  This  enclosure  has 
three  important  functions.  First,  the 
air  enclosed  within  it  provides  an 
acoustic  stiffness  so  proportioned 
as  to  resonate  broadly  the  mass  of 
the  moving  system  near  the  lower 
end  of  the  high  frequency  band.  The 
resulting  increase  in  diaphragm 
velocity  just  offsets  the  falling  off  of 
radiation  resistance  with  decreasing 
frequency  which  sets  in  at  about  2500 
cps  for  a  2J-inch  diaphragm.  The 
response  is  thus  maintained  sub¬ 
stantially  uniform  down  to  about 
1500  cps. 

Another  function  of  the  acoustic 
stiffness  created  by  the  back  en¬ 
closure  is  to  protect  the  moving  sys¬ 
tem  of  the  high  frequency  speaker 
against  damaging  amplitudes  due  to 
extreme  sound  pressures  set  up  by 
the  closely  adjacent  low  frequency 
speaker.  Since  high  pressures  are 
normally  associated  only  with  sounds 
whose  frequencies  are  far  below  the 
resonance  frequency  of  the  high  fre¬ 
quency  speaker,  the  diaphragm  of 
the  latter  presents  a  very  high  im- 
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Fig.  3 — Oyerall  frequency  characterietic  of 
a  frequency  modulation  transmitter,  re¬ 
ceiver,  and  coaxial  loudspeaker  system. 
Acoustic  measurements  made  with  a  ro¬ 
tating  microphone  at  10  feet  average 
distance 


Fig.  4 — Response  of  a  high  frequency 
loudspeaker  alone  at  18-inches  distance 
on  axis 


pedance  to  such  external  driving. 
As  both  this  driving  pressure  and 
that  opposing  it  are  distributed  uni¬ 
formly  over  opposite  faces  of  the 
diaphragm,  no  deforming  forces  are 
exerted  upon  the  latter.  Such  would 
not  be  the  case,  how'ever,  were  the 
entire  protective  stiffness  located, 
for  example,  in  the  cone  center  sus¬ 
pension.  In  addition  to  the  possibil¬ 
ity  of  damage,  acoustic  driving  of 
the  high  frequency  diaphragm  at 
wide  amplitudes  by  the  low  fre¬ 
quency  speaker  w’ould  very  likely  re¬ 
sult  in  undesirable  modulation. 

The  third  function  of  the  closed 
back  is  to  provide  a  baffle  for  the 
high  frequency  speaker,  this  being 
necessary  because  of  the  unusual 
mounting  arrangement  described  in 
the  next  section. 

Mounting  of  Speakers 

The  high  frequency  speaker  is 
mounted  coaxially  with  the  low  fre¬ 
quency  speaker  and  as  far  as  possi¬ 
ble  within  the  hollow  of  its  cone 
(see  Fig.  2).  This  arrangement  was 
adopted  as  the  result  of  listening 
comparisons  with  a  single  loud¬ 
speaker  of  somewhat  wider  than 
usual  frequency  range.  Although, 


according  to  measurements,  the  dual 
system  with  its  speakers  mounted 
in  the  usual  side-by-side  relationship 
had  a  wider  and  smoother  response 
than  did  that  of  a  single  speaker,  the 
latter  appeared  to  give  much  more 
natural  reproduction,  especially  of 
speech,  where  facilities  were  avail¬ 
able  for  direct  comparison  with  the 
original.  When  the  coaxial  arrange¬ 
ment  of  speakers  in  the  dual  system 
was  tried,  however,  there  was  an 
immediate  reversal  in  the  results  of 
the  tests,  the  dual  system  now  being 
found  preferable  to  the  single 
speaker.  The  superiority  of  the 
coaxial  arrangement  was  verified  by 
further  listening  tests  on  a  dual 
system  where  the  coaxial  high  fre¬ 
quency  speaker  was  switched  against 
another  identical  one  mounted  in 
the  usual  location  beside  the  low 
frequency  speaker. 

Although  the  differences  observed 
in  the  above  tests  were  subtle  and 
difficult  of  analysis,  listener  prefer¬ 
ence  for  the  coaxial  arrangement  was 
quite  positive.  The  following  is  of¬ 
fered  in  explanation  of  the  audible 
differences.  First,  it  is  a  commonly 
ob.served  fact  in  making  listening 
tests  that  one  has  little  difficulty  in 
detecting  which  of  two  similar  side- 
by-side  loudspeakers  is  operating 
even  when  the  two  are  located  as 
close  together  as  possible  in  the 
same  baffle.  This  happens  even  at 
listening  distances  at  which  the  re¬ 
flected  sound  from  wails,  etc.,  may 
equal  or  exceed  that  arriving  at 
the  ears  directly  from  the  loud¬ 
speakers  and  is  an  illustration 
of  the  discrimination  afforded  by 
the  binaural  hearing  sense.  The 
.same  effect  can  exist  with  ‘side-by- 
side  speakers  in  a  dual  system,  par¬ 
ticularly  when  the  frequency  divi¬ 
sion  is  made  at  about  the  middle  of 
the  important  frequency  range,  or 
higher  and  results  in  the  impression 
of  a  divided  sound  source.  Speech  is 
more  seriously  affected  than  is 
music,  probably  because  one  intui¬ 
tively  expects  speech  to  come  from  a 
single  small  source  and  is  disturbed 
when  the  source  appears  to  be  a 
multiple  or  an  extended  one. 

A  second  defect  of  side-by-side 
dual  systems  may  reside  in  the 
possibility  of  phase  distortion  in  the 
reproduction  of  transients  at  the 
listening  position,  arising  from  the 
spaced  relationship  of  the  loud¬ 
speakers.  While  it  is  well  recognized 
that  the  ear  is  insensitive  to  phase 


shift  among  the  components  of 
steady  tones  of  moderate  intensity, 
there  is  .some  reason  to  believe  that 
the  same  is  not  generally  true  for 
transient  sounds.  The  coaxial, 
nested  arrangement  of  the  high  and 
low  frequency  speakers  appears  to 
simulate  closely  a  unit  source, 
thereby  tending  to  reduce  the  above 
de.scribed  distorting  effects  to  prac¬ 
tical  insignificance. 

The  location  of  the  high  frequency 
loudspeaker  in  front  of  the  low  fre¬ 
quency  cone  rai.ses  the  question  of 
its  possible  ob.structive  effect  upon 
the  radiation  from  the  latter.  From 
a  theoretical  consideration  of  the 
radiation  from  an  8-inch  pist(*n  and 
the  diffraction  around  a  sphere 
equivalent  in  volume  to  the  high 
frequency  speaker  structure,  it  ap¬ 
pears  that  the  latter  starts  to  be¬ 
come  effective  as  an  obstacle  in  the 
frequency  region  which  also  marks 
the  beginning  of  directional  radia¬ 
tion  from  the  low  frecjnency  cone 
and  which,  furthermore,  is  not  far 
below  the  cros.sover  frequency  of 
the  system.  The  effectiveness  (tf  the 
obstacle  is  thus  limited  to  a  compara¬ 
tively  small  frecpiency  region  within 
which  measurements  indicate  that  it 
acts  desirably  in  off.setting  the  axial 
concentration  which  otherwise  would 
take  place. 

Performance 

The  response  curve  shown  in  Fig. 
3  is  of  particular  interest,  in  that  it 
is  the  directly  measured  overall  char¬ 
acteristic  of  a  complete  frequency 
modulation  .system  including  a  trans¬ 
mitter,  a  receiver  and  a  loudspeaker 
system  of  the  type  de.scribed  in  this 
paper.  The  receiver  with  its  loud¬ 
speaker  .system  was  a  sample  taken 
at  random  from  production.  The 
measurements  were  ma.le  with  the 
aid  of  a  fully  automatic  recording 
system  which  drew  the  graph- 
directly  and  who.se  audio  oscillator 
was  employed  to  modulate  the  fre¬ 
quency  modulation  transmitter.  The 
receiver  was  located  in  a  damped 
room  and  the  sound  was  picked  up  by 
a  rotating  microphone  which  swept 
around  an  8-foot  diameter  circle  in¬ 
clined  at  a  vertical  angle  of  45  de¬ 
grees  to  the  speaker  axis,  and  who.-e 
center  was  located  at  10  feet  di.stance 
on  the  latter.  The  recording  system 
was  provided  with  means  for  aver¬ 
aging  the  fluctuations  in  microphone 
output  caused  by  standing  wav*  s 
in  the  measuring  room  and  by  the 
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\aryinp  distance  from  the  loud¬ 
speakers.  The  curve  shown  is  essen¬ 
tially  the  response  curve  of  the  loud¬ 
speakers,  as  separate  measurements 
showed  that  the  overall  electrical 
characteristic  of  the  remainder  of 
the  system  was  flat  within  2  dh. 

Fifrure  4  shows  the  response  of 
the  hi^h  frequency  speaker  alone, 
measured  with  a  stationary  micro¬ 
phone  located  on  the  speaker  axis 
at  18  inches  distance.  That  the  trend 
of  this  curve  is  not  very  jrreatly  dif¬ 
ferent  from  that  of  Fijr.  3  above  1500 
cps,  indicates  wide  anjrle  radiation. 
The  difference  between  the  curves  of 
ordinary  single  cone  speakers  meas¬ 
ured  by  the  two  methods  mentioned 
is  lar^e  at  the  hijrh  fre<iuency  end. 
there  beinjr  invariably  a  pronounced 
droop  in  the  rotating'  microphone 
curve.  This  is  due  to  axial  concentra¬ 
tion  of  the  radiation  at  hi^di  fre- 
(piencies,  it  bein^  recalled  that  the 
arranjrement  of  the  rotatinj?  micro¬ 
phone  is  such  that  the  latter  never 
crosses  the  axis  of  the  loudspeaker 
but  sweeps  over  an  outer  zone  of 
radiation. 

To  show  further  the  wide  an^de 
radiation  characteristic  of  the  coax¬ 
ial-dual  .system,  the  results  of  com¬ 
parison  measurements  with  a  sinjrle 
8-inch  cone  speaker  at  6000  cps  are 
^iven  in  Fi^.  5.  There  is  a  com¬ 
parable  difference  at  other  hijrh  fre- 
(piencies.  These  measurements  were 
made  on  an  18-inch  radius  in  a 
damped  room,  the  freipiency  beinp 
held  constant  and  the  resi)onse  re¬ 
corded  automatically  as  the  micro¬ 
phone  was  moved  slowly  around  its 
arc.  The  response  is  plotted  in  db 
n  lative  to  that  on  the  axis. 

It  is  believed  that,  in  evaluating 
the  performance  of  loudspeakers  for 
the  home,  too  little  attention  has  been 


paid  in  the  past  to  their  directional 
radiation  characteristics.  Response 
measurements  made  on  the  axis  alone 
are  of  very  limited  use  in  estimating 
the  performance  of  loudspeakers  un¬ 
der  working  conditions;  in  fact,  they 
may  be  quite  misleadinjr.  This  was 
brought  forcibly  to  our  attention  in 
makinjr  comparative  measurements 
and  listeninjr  tests  between  the 
coaxial-dual  system  and  a  sinjrle  wide 
ran^e  louds|)eaker  who.se  cone  size 
was  the  .same  as  that  of  the  low  fre- 
(juency  speaker  in  the  former  sys¬ 
tem.  Althou^'h  a  comparison  of  axial 
response  measurements  showed  both 
to  have  a  horizontal  trend,  to  de- 
.scribe  the  difference  on  listening 
tests  with  the  observer  stationed 
first  on  the  axis  and  then  not  more 
than  about  30  degrees  off  impels  us 
reluctantly  to  borrow  from  the  vo¬ 
cabulary  of  the  advertising  man  and 
designate  the  effect  as  startling. 
When  listening  to  music  containing 
percu.ssion  effects  rich  in  high  fre- 
(piencies,  the  tambourine  jingles,  for 
example,  nearly  disappeared  from 
the  reproduction  of  the  single 
speaker  when  the  observer  moved  to 
the  off-axis  position  while  the  re- 
pn»duction  of^  the  dual  system 
changed  little  between  the  two  posi¬ 
tions.  Another  effect  resulting  from 
the  wider  angle  distribution  of  the 
dual  system  is  the  sensation  of  spa¬ 
tial  perception  or  "iiresence”,  par¬ 
ticularly  when  listening  to  large  or¬ 
chestras,  which  arises  i)robably  not 
only  from  the  greater  amount  of  high 
frecpiency  radiation  directly  received 
by  an  observer  in  an  average  loca¬ 
tion  but  al.so  from  the  greatly  in- 
crea.sed  high  frequency  reverbera¬ 
tion  in  the  receiving  room. 

In  general,  the  reproduction  af¬ 
forded  by  this  dual  system  with  its 


wide  range,  flat  response  appears  to 
be  highly  natural.  A  rather  unex¬ 
pected  effect  is  an  apparent  increase 
in  dynamic  range  when  compared 
with  a  single  speaker  of  the  same 
size,  covering  a  similar  freijuency 
range,  but  having  considerably  less 
regularity  of  response  and  much 
greater  directivity  at  high  frequen¬ 
cies.  The  undistorted  acoustic  out¬ 
put  of  this  dual  system  has  appeared 
to  many  observers  to  be  surprisingly 
high  considering  not  only  the  cone 
sizes  but  also  the  size  of  the  com¬ 
plete  a.s.sembly.  It  can  be  housed  in 
a  cabinet  whose  inside  dimensions 
are  25  inches  high  by  23  inches  wide 
by  11  inches  deep.  The  laboratory 
model  has  been  used  on  a  20-watt 
amplifier  for  .several  months  and  the 
amplifier  has  freipiently  been  driven 
to  the  threshold  of  overload  on  musi¬ 
cal  programs  wiHiout  damage  to  or 
noticeable  distortion  in  the  speaker 
system.  On  listening  comparison 
with  average  single  radio  loud¬ 
speakers  of  similar  size,  the  effi¬ 
ciency  of  the  de.scribed  .system  ap¬ 
pears  to  be  from  4  to  6  db  higher. 

Microithonen,  Studio  1‘ractice  and  High 
Fidelitij  Reception 

Although  this  article  is  concerned 
l)rimarily  with  the  de.scription  of  a 
loudspeaker  .system,  it  is  believed,  in 
view  of  new  problems  that  may  be 
encountered,  that  some  comments  on 
microphones  and  studio  technique 
should  be  added. 

One  certain  conclusion  is  that 
broadcasting  of  the  highest  techni¬ 
cal  quality  cannot  consistently  be 
maintained  without  the  use  of  moni¬ 
tor  loudspeakers  known  to  possess 
a  wide,  flat  frequency  characteristic 
and  located  in  a  suitable  acoustic  en¬ 
vironment.  The  importance  of  the 
monitor  loud.speaker  (together  with 
the  room  in  which  it  is  heard)  in 
determining  what  goes  out  on  the  air 
can  hardly  be  over-emphasized.  U.sed 
as  it  is  for  a  guide  in  securing  the 
best  sounding  arrangement  of  the 
performers  before  the  microphone, 
its  frequency  characteristic  becomes 
effectively  inserted  in  the  overall 
transmission  system.  It  obviously  is 
essential  that  the  monitor  loud¬ 
speaker  equal  or  exceed  in  fre¬ 
quency  range  the  best  loudspeakers 
used  in  receivers,  for  otherwise  cer¬ 
tain  types  of  distortion,  undesired 
noises  and  unnatural  effects  may  es¬ 
cape  the  attention  of  the  monitoring 
(Coyitinued  on  page  106) 


Fig.  5 — Comparison  of  directional  radiation  at  6000  cps:  outer 
curye,  coaxial  system;  inner  curre,  single  8-inch  speaker,  both 
measured  on  18-inch  radius  in  horizontal  plane 
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A  PRACTICAL 
STROBOSCOPE  CIRCUIT 


Control  unit  for  use  with  a  conventional  Cooper-Hewitt  lamp,  havin*;  a  wide  ranj^e  of 
frequency  as  well  as  controlled  duration  of  tlie  li<:lit  impulses,  useful  for  industrial 
studies  of  high  speed  motion 


Fig.  1 — Complete  circuit  diagram  of  the  stroboscope.  The  insert  diagram 
at  the  right  shows  push-button  connection  for  varying  the  flashing  rate 


r)  many  experimenters  the  stro¬ 
boscope  has  proved  itself  a  re¬ 
markably  useful  instrument.  Besides 
its  conventional  use  on  recurrent 
phenomena  it  can  give  much  infor¬ 
mation  about  single-cycle  transient 
conditions.  By  using  a  camera  with 
a  reasonably  high  speed  lens  and  film 
sensitive  to  the  spectrum  of  the  il¬ 
lumination  used,  pictures  may  be 
taken  of  a  single  transient  event  by 
illuminating  the  object  with  the  stro¬ 
boscopic  light  while  leaving  the 
shutter  open.  This  gives  a  series  of 
super-imposed  images,  the  spacing 
of  which  on  the  picture  gives  dis¬ 
tance-time  value  from  which  velocity 
and  acceleration  curves  may  be 
drawn. 

When  relatively  slow  frequencies 
are  to  be  observed  such  that  the  per¬ 
sistence  of  vision  does  not  give  a 
clear  image,  the  camera  again  is  of 


value.  The  author  has  made  .several 
microscopic  pictures  of  small  objects 
that  operate  at  a  frequency  of  150 
cycles  per  minute. 

The  instrument  described  here  can 
be  made  to  a  large  extent  from  parts 
that  most  experimenters  in  elec¬ 
tronics  have  on  hand.  Except  for 
the  gaseous  tubes  all  parts  are  com¬ 
monly  used  in  communication  equip¬ 
ment.  The  instrument  has  its  own 
timing  circuit  and  can  be  made  to 
flash  at  frequencies  between  17  cycles 
and  18,000  cycles  per  minute. 

The  source  of  light  is  a  Cooper- 
Hewitt  mercury  vapor  lamp.  There 
is  no  need  of  securing  a  new  one  since 
a  tube  that  has  been  retired  from 
regular  illuminating  service,  becau.se 
of  difficulty  in  starting,  will  fire 
satisfactorily  in  this  circuit.  Such  a 
tube  was  used  in  the  instrument  de¬ 
scribed. 


By  C.  C.  STREET 

I’hief  h:nirin*’(’r,  I'tih-rnl  /‘ro<luctti  I'tirp 


There  are  two  distinct  portions  of 
the  circuit,  a  power  supply  and  a 
timing  circuit.  The  power  supply 
shown  will  supply  800  volts  to  the 
condensers  at  about  170  ma.  This 
amount  of  power  is  sufficient  for 
average  work,  and  it  can  be  in¬ 
creased  as  desired  for  more  inten.se 
illumination.  The  timing  circuit  is 
more  critical  and  many  .systems  were 
tried  before  arriving  at  the  one 
shown. 

An  independent  power  supply  was 
used  for  the  timing  circuit  to  elimin¬ 
ate  as  much  as  po.ssible  the  surge 
affects  that  result  if  the  main  powt  • 
unit  is  u.sed.  The  timing  it.self  is 
accomplished  with  a  relaxation  oscil¬ 
lator  similar  to  the  saw-tooth  gen¬ 
erator  of  a  cathode  ray  oscilloscope. 
Condenser  C,  in  the  grid  of  7,  is 
charged  through  from  the  voltage 
divider,  to  a  voltage  determined  by 
the  grid  bias  of  the  884  tube  (T, ). 
minus  the  drop  acro.ss  7,.  This  drop 
is  constant  during  conduction  at  ap¬ 
proximately  16  volts.  The  voltage 
developed  acro.ss  R„  is  applied  to  the 
grid  of  7,,  a  6J7.  When  7i  is  non¬ 
conducting  during  the  charging  cycle 
of  Ci  the  only  bias  on  7a  is  produced 
by  R,o.  This  is  simply  to  limit  the 
current  through  the  tube  to  a  reason¬ 
able  value.  During  the  discharge  of 
C«  through  7i  the  grid  of  7j  is  car¬ 
ried  negative  well  beyond  cutoff  and 
conduction  ceases.  The  voltage  de¬ 
veloped  across  Rn  is  applied  to  the 
grid  of  7a  and  wdll  keep  that  tub-' 
nonconducting.  As  Tt  goes  beyond 
cutoff,  the  grid  of  7,  goes  25  volt^ 
positive  with  respect  to  its  cathodt . 
This  allows  7,  to  ionize  and  dis¬ 
charge  Ct  through  the  transformer. 
The  sudden  surge  of  current  in  the 
primary  develops  an  extremely  higH 
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Fig.  2 — Detail  of  chastit  layout  of  control  unit,  showing  discharge 
thyratron  in  foreground 


Fig.  3  -Control  with  protective  cover  in  place.  Note  control  potentio¬ 
meter  and  cable  on  top  of  cover 


volta^'e  in  the  .secondary.  This  ap- 
ptars  as  an  electrostatic  potential 
between  the  mercury  and  shield  of 
the-  Cooper-Hewitt  tube.  This  hip'h 
potential,  in  the  neighborhood  of 
H'.oOO  volts,  ionizes  the  mercury 
vapor  in  its  corner  of  the  tube.  As 
■'■’‘>1  II  as  free  electrons  are  jivailable, 
the  power  supply  across  the  two 
ends  of  the  tube,  causes  further  ion¬ 
ization  and  the  condenser  bank  dis- 
charjifes  through  the  Cooper-Hewitt 
kivinjr  a  brilliant  li^ht  of  extremely 
short  duration. 

Cor  the  jyrid  of  T,  to  regain  control 
ef  the  tube  when  Cs  is  discharged,  it 
inii.st  be  negative  soon  after  ioniza¬ 


tion  is  comjtlete.  For  this  reason  the 
discharge  time  of  C,  must  be  held  to 
a  minimum,  limited  only  by  the  ion¬ 
ization  time  of  r,.  In  most  tubes  of 
the  FG-17  type  ionization  is  com¬ 
plete  in  from  10  to  1.5  micro.seconds. 
The  values  shown  will  give  a  mini¬ 
mum  discharge  time  for  C*  of  20 
microseconds. 

The  potentiometer  R„  can  be  put 
at  the  end  of  a  three  wire  cable  and 
is  used  to  control  the  speed  of  flash 
over  a  range  of  2  to  1  for  any  setting 
of  C,  and  R.,.  The  cable  must  be 
shielded  or  the  stroboscope  will  flash 
at  multiples  of  60  cps  due  to  external 
fields.  R^  is  used  as  an  external  syn¬ 


chronizing  device.  The  breaker 
points  may  be  made  from  an  old 
automobile  distributor  and  driven  at 
the  speed  at  which  the  flashing  is 
desired.  If  the  amount  of  syn¬ 
chronization  is  kept  low  by  having 
the  breaker  points  short  out  only 
a  small  portion  of  R^'si  resistance, 
any  multiple  or  sub-multiple  rate  may 
be  used.  The  layout  of  the  chassis 
should  be  such  that  as  little  as  pos¬ 
sible  of  the  magnetic  fields  of  the 
transformers  cut  the  two  thyratrons. 

If  desired  magnetic  shielding  may  be 
employed.  If  Tj  is  expo.sed  to  a  60 
cps  the  arc  within  the  tube  is 
“blown”  back  and  forth  as  its  tim¬ 
ing  passes  in  and  out  of  phase  when 
firing  near  fundamental  frequency. 
R,3  is  used  to  limit  the  voltage  in 
the  .secondary  of  the  high  tension 
coil.  At  low  frequencies  it  is  apt  to 
spark  across  the  exposed  portion  of 
the  tube.  The  cable  leads  from  the 
power  sui)ply  to  the  mercury  tube 
.'^hould  be  heavy.  Any  appreciable 
amount  of  resistance  h^'ro  will 
lengthen  the  duration  of  the  flash 
and  reduce  its  brilliancy.  R  an  1  L 
are  used  to  keep  from  di.scharging 
through  the  mercury  tube  and  allow 
its  arc  to  be  extinguished  when  the 
voltage  of  C^  has  fallen  below  the 
tube  drop  of  approximately  75  volts. 

If  the  high  tension  transformer  is 
to  be  ca.sed,  it  should  be  done  with  a 
non-conducting  material  such  as 
bakelite  or  hard  rubber  since  a 
metallic  case  will  represent  a  shorted 
turn  and  impair  correct  operation. 

The  0-300  milliampere  meter  is  of 
value  since  it  allows  a  check  on  the 
power  load  which  must  not  exceed 
the  rated  value  of  the  rectifier  tubes. 
Portions  of  the  condenser  bank  may 
be  cut  out  as  the  frequency  increases. 
At  high  frequencies  the  persistence 
of  vision  allows  easy  observation  at 
reduced  brilliance. 

Since  the  application  of  plate 
voltage  to  Ts  before  the  cathode  has 
reached  its  temperature  impairs  the 
life  of  the  tube,  a  switch  or  time- 
delay  relay  should  be  incorporated  in 
the  plate  circuit. 

The  power  supply  of  this  device 
is  dangerous  since  sufficient  energy 
is  stored  when  all  the  conden.sers 
are  charged  to  be  fatal  if  one 
.should  make  good  contact  across  the 
main  leads.  Precautions  must  there¬ 
fore  be  taken  to  enca.se  the  high 
voltage  wiring  in  insulation  .sturdy 
enough,  both  physically  and  electri¬ 
cally,  to  protect  the  operator. 
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ELECTRON  GUNFIRE 


13  ATTERNS  formed  on  a  cathode-ray  picture  tid)es.  The  imajies  were  prothiced 

tube  screen  hy  C.  E.  Burnett  of  RCA  hy  random  manipulation  of  the  K)  c<»ntnds 

Radiotron,  using  equipment  originally  associated  with  12  multivihrators.  10  mix- 

designed  to  test  the  resolution  of  television  ing  amplifiers,  modulation  and  sync  circuits 
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A  VISUAL 

ALIGNMENT  GENERATOR 


An  all-elect nnrn*  fre<jiiein*v -modulated  signal  ‘lencrator  for  r-f  and  i-f  alijinment  using  an 
oseilloseope.  The  <*entral  frecjiienev  is  (*ont innouslv  varialile  from  zero  to  60  Ale,  and 
the  total  fre(|ueney  sweep  from  zero  to  1.1  Me,  all  without  the  use  of  moving  parts 


By  H.  F.  MAYEK 

liiiiiriil  F.irririr  f'umfxinil,  Srhrnrrtn<hi 


Having  once  aliened  a  tuned 
radio-freijuency  transformer  by 
means  of  a  cathode  ray  oscilloffraph 
and  frequency  modulated  oscillator, 
one  is  apt  to  wonder  how  it  was  ever 
done  without  such  eejuipment.  While 
the  alijrninjr  of  critically-coui)led 
transformers  in  production  simply 
by  adjusting'  for  maximum  output 
(»n  a  sijrnal  of  fixed  frequency  is  easy, 
and  accurate  enoujrh  for  most  pur¬ 
poses,  the  ali^ninK  of  over-coupled 
transformers,  without  somethin^r  to 
indicate  the  shape  of  the  selectivity 
curve,  is  next  to  impossible.  In  de¬ 
velopmental  work,  it  is  even  more  im¬ 
portant  to  .see  the  selectivity  curve, 
for  a  double  tuned  transformer  may 
in  some  ca.ses  have  six  variables  to 
l*e  adjusted:  primary  and  secondary 
tuning,  jirimary  and  secondary 
(lamping,  and  inductive  and  capaci¬ 
tive  couplinfT.  In  general,  if  the  shape 
of  the  selectivity  curve  is  one  of  the 
thinjrs  of  interest,  then  the  align¬ 
ment  equipment  should  be  capable  of 
cf»ntinuously  showing  the  shape  of 
the  curve. 

For  broadcast  receiver  production 
the  system  usinf?  a  motor  driven 
variable  condenser  connected  across 
the  tank  circuit  of  an  oscillator  has 
proved  entirely  satisfactory.  Since 
all  superheterodyne  receivers  in  pro¬ 
duction  ordinarily  use  intermediate- 
frequency  systems  of  the  same  nom¬ 
inal  frequency  and  approximately  the 
same  band  width,  the  same  fre¬ 
quency-modulated  sijfnal  suffices  for 
all  alignment  stations.  The  oscillator 
may  be  made  quite  stable  and  a 
snioothly  running  condenser  may  be 
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used  to  sweep  the  frequency  con¬ 
sistently  and  uniformly  over  the 
neces.sary  range  of  20  or  25  kc. 

In  developmental  work  a  more 
flexible  .system  is  needed.  It  is  essen¬ 
tial  that  the  mean  frequency  of  the 
signal  be  variable,  the  greater  the 
range  the  better,  and  it  is  highly 
desirable  that  the  amount  of  fre¬ 
quency  modulation  al.so  be  variable. 

Some  of  these  reejuirements  are 
met  by  the  simple  combination  of  a 
motor-driven  condenser  with  a  multi¬ 
range  variable-fre<iuency  oscillator. 
However,  such  a  .system,  unless  it  is 


3.  The  amount  of  frequency  modu¬ 
lation  depends  upon  the  frequency 
setting,  being  greater,  the  greater 
the  frequency.  Thus,  there  may  be 
insufficient  modulation  obtainable  at 
the  lower  frequencies. 

4.  The  wiping  contact  between  the 
conden.ser  rotor  and  ground  may  be¬ 
come  dirty,  causing  unstable  opera¬ 
tion  and  disrupting  the  picture. 

5.  The  rotating  system,  if  not  well 
balanced,  may  cau.se  trouble.some 
vibration. 

The  job  of  building  some  early 
models  of  frequency  modulation  re¬ 
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Fig.  1 — Block  diagram  of  the  alignment  generator,  showing 
conventional  carrier  generator  and  electronic  modulator 


rather  elaborate,  may  be  quite  lim¬ 
ited  in  its  applications.  For  example, 
the  following  difficulties  may  be  en¬ 
countered  : 

1.  The  frequency  modulation  may 
be  accompanied  by  amplitude  modu¬ 
lation,  at  some  frequency  settings. 

2.  The  amount  of  frequency  modu¬ 
lation  cannot  be  varied,  except  in 
one  or  tw^o  steps  at  most. 


ceivers,  in  which  intermediate  fre¬ 
quencies  of  6  Me  and  800  kc,  with 
band  widths  of  150  kc,  were  used, 
precipitated  the  design  of  a  com¬ 
pletely  electronic  visual  alignment 
signal  generator,  in  which  all  the 
above  defects  w'ere  overcome.  The 
new  equipment  has  the  following 
features: 

1.  There  are  no  moving  parts  in 
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Fig.  2 — Connection  diagram  of  the  "pyramid-wave"  generator  which  controls 
the  Irequency-shiiting  tube.  It  consists  oi  o  multivibrator,  clipper-integrator 
and  buiier  amplifier 


the  frequency  modulator. 

2.  The  mean  frequency  is  variable 
from  zero  to  60  Me,  in  a  single  range, 
without  affecting  the  amount  of  fre¬ 
quency  modulation. 

3.  The  frequency  modulation  is 
variable  from  zero  to  1.1  Me. 

4.  By  plugging  in  audio  frequency, 
the  oscillator  may  be  frequency 
modulated  with  sine  wave  signal  or 
program  for  testing  frequency  mod¬ 
ulation  receivers. 

5.  A  pyramid  wave  of  130  cps 
voltage  may  be  taken  off  from  a  jack 
for  testing  other  equipment. 

The  block  diagram  (Fig.  1)  shows 
the  principle  of  the  new  device.  A 
relaxation  oscillator  generates  a 
square  w'ave,  which  is  clipped  and 
integrated  in  the  next  stage  to  form 
a  pyramid  wave.  This  wave  is  applied 
through  a  buffer-amplifier  to  an 
electronic  reactance  tube  circuit  sim¬ 
ilar  to  those  used  to  control  the  oscil¬ 
lator  frequency  in  automatic-fre¬ 
quency-control  circuits.  This  control 
tube  is  capable  of  causing  a  pyra¬ 
midal  undistorted  frequency  modu¬ 
lation  of  550  kc  peak  to  peak  on  the 
30  Me  oscillator  frequency.  The  oscil¬ 
lator  output  passes  through  a  fre¬ 
quency  doubler,  the  output  of  w^hich 
is  60  Me  modulated  1.1  Me  total.  This 
signal  is  then  mixed  with  a  signal 
whose  frequency  is  manually  variable 
from  60  to  120  Me,  resulting  in  an 
output  frequency  variable  from  0  to 
60  Me  without  affecting  the  modula¬ 
tion. 


The  circuit  of  the  pyramid  wave 
generator  is  shown  in  Fig.  2.  This 
generator  could  have  been  made 
without  the  6SC7  relaxation  o.scilla- 
tor  by  using  the  60  cps  supply  to 
drive  the  clipper.  However,  it  was 
deemed  much  preferable  to  have  a 
pyramid  wave  not  synchronous  with 
the  60  cps  supply.  The  reason  for 
this  is  that  occasionally  some  defect 
in  the  equipment  being  tested  will 
cause  some  60  or  120  cps  voltage  to 
appear  in  the  output  circuit,  along 
with  the  voltage  due  to  the  frecpiency 
modulated  signal.  If  the  frequency 
modulation  is  synchronous  with  the 
spurious  voltage,  a  stationary  pat¬ 
tern  is  formed,  and  the  resulting  dis¬ 
torted  shape  may  be  misconstrued  as 
due  to  misalignment,  whereas  it  is 
really  caused  by  trouble  in  some 
other  part  of  the  circuit.  If  the  pyra¬ 
mid  w'ave  is  not  synchronous  with 
the  supply  voltage,  the  presence  of 
any  such  unw^anted  voltage  is  imme¬ 
diately  evident  from  the  motion  of 
the  pattern. 

The  output  w’ave  of  the  relaxation 
oscillator  is  actually  far  from  square, 
as  the  oscillogram  in  Fig.  3A  shows, 
but  sufficient  voltage  is  applied  to 
the  clipper  tube  to  cause  a  square 
W’ave  of  plate  current  to  flow  in  the 
plate  circuit.  This  square  wave  of 


current,  flowing  through  the  parallel 
combination  of  a  resistance  and  a 
capacitance  which  has  small  imped¬ 
ance  at  the  fundamental  freciuency, 
results  in  a  pyramid  wave  of 
voltage,  as  shown  in  Fig.  3B.  A 
type  6C5  tube,  with  its  load  in  the 
cathode  circuit  in  order  to  obtain  low- 
impedance  and  low  distortion,  sup¬ 
plies  the  pyramid  wave  to  the  con¬ 
trol  tube.  When  audio  voltage  is 
plugged  into  the  external  modulation 
jack,  it  goes  to  the  grid  of  the  6('5. 
automatically  disconnecting  the  pyra¬ 
mid  wave  input. 

Synchronizing  voltage  to  lock  the 
cathode  ray  oscillograph  sweep  in 
with  the  frequency  sweep,  in  the 
j)roper  phase,  is  obtained  from  resis¬ 
tor  through  a  coupling  condenser 
In  the  double  trace  system  of 
alignment,  which  is  most  generally 
used,  the  cathode  ray  sweep  fre¬ 
quency  is  twice  the  pyramid  wave 
fre(iuency.  This  gives  a  pattern  con¬ 
sisting  of  two  superimposed  selec¬ 
tivity  curves,  one  of  which  goes  from 
low  to  high  frequency  and  the  other 
from  high  to  low,  as  the  spot  moves 
from  left  to  right.  This  necessitates 
a  .synchronizing  pulse  every  half 
cycle.  Since  the  resistor  A*,  is  com¬ 
mon  to  the  plate  circuits  of  both 
triodes  in  the  relaxation  o.scillator, 
the  voltage  across  it  will  have  the 
nece.ssary  double  frecjuency.  Fortu¬ 
nately  the  pulse  of  current  in  as 
one  triode  fires  and  the  other  cuts  off, 
is  quite  adequate  to  .synchronize  the 
o.scillograph.  Since  this  pulse  occurs 
exactly  at  the  end  of  a  half  cycle,  the 
phase  is  also  correct.  Fig.  3C  shows 
the  pyramid  wave  with  the  o.scillo¬ 
graph  externally  .synchronized  by 
the  double-frecpiency  pulse. 

The  circuits  of  the  oscillator  and 
freciuency  modulator  are  .shown  in 
Fig.  4.  No  capacitance  (<ther  than 
that  contributed  by  the  tubes  and 
wiring  is  used  across  the  tank  cir¬ 
cuit  inductance  L,.  This  high  L  C 
ratio  is  neces.sary  in  order  to  obtain 
the  large  frequency  variation,  since 
the  number  of  micromicrofarads 


Fig.  3 — Outputs  of  the  circuits  in  Fig. 
2:  A,  multiribrator;  B,  clipper;  C, 
pyramid  ware  scanned  at  double 
frequency 
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which  the  control  tube  can  simulate 
is  limited.  The  components  C„  K,  and 
L,  serve  to  shift  the  pha.se  of  the  tank 
circuit  voltage  so  that  the  voltage  at 
the  Krid  of  the  control  tube  is  90 
dejjrees  ahead  of  the  tank  voltage. 
This  cau.ses  the  plate  current  of  the 
control  tube  al.so  to  be  90  decrees 
ahead  of  the  tank  voltaic,  and  the 
tube  therefore  l(*oks  like  a  condenser 
and  changes  the  frequency  accord- 
infrly.  The  pyramid  wave  voltajre  be- 
in)?  al.so  applied  to  the  )?rid  of  the 
control  tube,  there  is  a  variation  of 
mutual  conductance  in  accordance 
with  the  pyramid  wave  so  that  the 
effective  capacitance  varies  in  a  like 
manner. 

.After  fre(iuency  doubliii)?  and  am- 
plifyiii)?,  the  freciuency  modulated 
si)rnal  is  mixed  with  the  manually 
variable  signal,  in  a  61.7  mixer,  to 
l)rovide  the  output  si)rnal. 

In  the  photojrraph  i  Fi)?.  5)  of  the 
first  sample  of  the  equipment  may 
be  seen,  from  left  to  ri)rht,  the  mod¬ 
ulation  control,  the  external  modu¬ 
lation  jack,  the  tuniri)?  control,  the 
output  attenuator  and  the  output  and 
synchronizin)?  bindiii)?  posts.  The 
pyramid  wave  output  jack  was  not 
included  on  this  early  model. 

The  tuning  dial  is  directly  cali¬ 
brated  in  mean  output  frequency,  but 
"ince  it  is  impractical  to  make  this 
hi)rhly  accurate,  it  is  necessary  when 
ali)rnin)r  circuits  to  a  particular  de¬ 
sired  frequency  to  use  an  auxiliary, 
accurately  calibrated  oscillator  or 
signal  jrt^nerator.  If  its  output  be 
connected  in  parallel  with  the  output 
of  the  visual  alignment  ecjuipment, 
the  pattern  will  contain  a  zone  in 
which  the  two  .si)?nals  are  of  nearly 
enou)rh  the  same  freipjency  to  pro¬ 
duce  a  visible  beat.  At  the  center  of 


Fig.  4 — Oscillator  and  frequency 
modulator.  The  pyramid  ware  acts 
on  the  control  tube  to  vary  the  fre¬ 
quency  in  the  oscillotor 


Fig.  5 — External  appearance  of  the 
generator.  External  modulation  (see 
lack)  may  be  used  to  lest  fre¬ 
quency-modulated  receivers 


this  zone  will  appear  a  jtoint  of  zero 
beat,  at  which  point  the  modulated 
frciiuency  is  equal  to  the  fixed  fre¬ 
quency.  If  the  fixed  frequency  is  set 
to  the  desired  value,  and  the  tuning 
of  the  visual  ali)rnment  equipment 
varied  until  the  zero  beat  points  on 
the  two  traces  coincide,  then  the  cir¬ 


cuit  will  be  ali)rned  at  the  desired 
freituency  when  the  traces  coincide. 

Fi)rure  6  shows  some  o-scillo^rams 
taken  usin)?  this  equipment  iii  ali^n- 
in)f  a  frequency  modulation  receiver. 
At  A  is  the  i-f  characteristic  up  to 
the  limiter  irrid.  Curve  B  is  the  char¬ 
acteristic  throu)?h  the  detector.  Both 


of  these  were  taken  with  a  frequency 
sweep  of  300  kc.  Curve  C  is  the  same 
but  with  a  150  kc  frequency  sweep. 

This  equipment  has  become  an  in¬ 
dispensable  tool  where  it  has  been 
used.  While,  as  pointed  out  above,  it 
finds  its  greatest  use  in  development 
work,  it  has  on  several  occasions 
saved  a  great  deal  of  time  in  align¬ 
ing  special  production  receivers 
where  the  quantity  was  not  large 
enough  to  warrant  the  installation 
of  a  fixed  frequency-modulated  gen¬ 
erator. 


Fig.  6 — Oscilloscope  patterns  pro¬ 
duced  in  aligning  i-m  receiver:  A. 
i-f  response;  b,  overall  detector 
characteristic;  C.  expanded  overall 
characteristic 
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Fig.  6 — Preamplifier  input  circuit. 
Care  must  be  taken  to  protect  the 
grid  circuit  from  extraneous  fields 


Fig.  7— Method  of  varying  the  elec¬ 
tric  output  from  each  bank  of  reeds. 
The  polarizing  voltage  applied  to 
the  reed  bases  is  varied  by  R. 


permits  adjustment  with  an  open 
ended  wrench  or  pliers.  The  brass 
diminishes  corroding  and  the  flat 
end  advantage  is  illustrated  in  Fig. 
4.  A  concave  or  convex  shape  re¬ 
duces  the  effective  capacity  between 
screw  and  tongue. 

It  is  important  to  line  up  the  screw 
and  tongue  accurately.  This  is  ac¬ 
complished  by  a  special  tool  shown 
in  Fig.  5.  The  left  side  of  tool  (as 
shown  in  the  side  elevation)  is  the 
same  size  as  a  reed  base.  The  right 
side  has  three  holes  for  marking  the 
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Parf-dton 
of  reed 
ce// 


Reed 


''Reed  tonpue 


any  intermittent  metallic  contact  in 
the  electrostatic  pick-up  field  or 
grounding  and  shielding  circuits  is 
liable  to  generate  noise.  The  pre¬ 
vention  consists  in  making  the  con¬ 
tact  positive  at  all  times. 

The  limitation  of  the  pneumatic 
stop  control  system  lies  in  the  diffi¬ 
culty  of  adding  the  electric  timbre 
control  to  the  draw  knob  motion. 
One  may,  of  course,  Tiave  separate 
bass  and  treble  tone  control  poten¬ 
tiometer  knobs.  But  with  this  pneu¬ 
matic  strip,  the  bank  of  reeds  is 
either  contributing  100  per  cent  elec¬ 
tric  output  or  none;  there  is  no 
variation  possible  between  those  ex¬ 
tremes. 


The  Pick-up  Amplifier 

Approximately  100  db  gain  is 
needed  in  the  amplifier,  with  an  in¬ 
put  resistance  of  two  megohms.  The 
frequency  range  depends  at  its  low- 
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est  limit  on  the  lowest  frequency 
reed  used.  The  upper  limit  is  about 
6000  to  8000  cps.  Of  course,  it  is 
useless  to  have  available  a  lower  fre¬ 
quency  limit  than  that  the  loud¬ 
speaker  is  capable  of  reproducing. 
The  coupling  of  harmonium  reeds  to 
the  air  is  extremely  inefficient  for 
frequencies  below  100  cps  and  it  is 
here  that  the  electronic  ecpiipment 
may  be  made  to  out-perform  con¬ 
ventional  reed  organs  gi-eatly  by 
giving  deep,  rich  bass  tones.  Re¬ 
membering  that  the  standard  pitch 
of  middle  C  is  261  cps  and  that 
of  the  A  above,  440  cps,  one  can 
easily  compute  the  lowest  freqiienc.v 
on  the  instrument.  Doubtless  it  will 
be  87,  43,  or  about  30  cps,  depending 
on  the  reed  ranks  found  in  the  in¬ 
strument.  An  amplifier  of  not  less 
than  15  watts  undistorted  power  out- 
put,'^uch  as  that  given  by  a  pair  (»f 
type  2A3  tubes  in  push  pull,  should 
be  used  for  good  bass  reproductitm. 

Th^  afnplifier  must  be  free  of  per¬ 
ceptible  cross  modulation  lest  dif¬ 
ference-frequency  components  mai’ 
^Jne* clarity  of  tones  when  playing. 
Witb  beam  power  tubes  in  push  pull, 
fyr  example,  unless  about  fifteen  per 
c_ent^ inverse  feedback  is  employed, 
the  rhordal  distortion  in  the  treble 
renders  the  performance  unsatis¬ 
factory. 

A  typical  pre-amplifier  input  cir¬ 
cuit  is  shown  in  Fig.  6.  It  is  much 
easier  to  construct  a  hum-free  am 
plifier  by  having  the  pre-amplifier  on 


one  chassis  and  the  power  amplifier 
on  another  cha.ssis.  High  impedance 
shielded  cable  leads  may  cause  hum 
unless  the  shielding  is  insulated 
from  ground  except  for  the  single 
connection  to  the  one  common 
grounding  point. 


Organ  Stops  Coat  rolled  hg  Elect  rical 
Methods 


It  is  usual  with  pipe  organs  to 
select  the  desired  stop  by  pushing 
down  a  rocking  tab  or  pulling  out  a 
knob.  The  j)neumatic  .system  has 
already  been  described.  Two  elec¬ 
trical  methods  will  be  explained  be¬ 
low. 

One  may  adjust  the  output  signal 
from  a  given  bank  of  reeds  by  vary¬ 
ing  the  polarizing  voltage  on  the 
bases,  as  shown  in  Fig.  7.  To  elimi¬ 
nate  switching  clicks  a  filter  time 
delay  arrangement  must  be  included, 
as  indicated  by  the  resistors  I\„ 
C-.  and  Unfortunately,  with  full 
gain  setting  of  a  high  power  ampli¬ 
fier,  the  nece.ssary  time  delay  must 
run  into  .seconds  to  eliminate  all 
traces  of  clicks.  If  the  switching 
could  take  place  gradually,  such  a.s 
by  slowly  increasing  pressure  of  a 
metallic  conductor  on  .soft  acjuadag- 
ged  felt  (the  resistance  would  start 
at  several  megohms  and  gradually 


Fig.  8 — Simpliiied  circuit  showing 


separate  two  stage  pre-ampliiiers 


(6F5  and  6C5  tubes)  for  each  bank 
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Fiq.  9 — Tone,  set  Tolume,  and  preset  push-button  timbre 
controls  are  mounted  above  the  center  oi  the  keyboard 


Fig.  10 — Complete  three-channel  preamplifier  chassis, 
arranged  with  widely  separated  grid  input  leads  (at  right) 


time  delay  of  the  filter  could  be  short 
to  prevent  click,  but  the  desijrn  of 
such  a  multi-contact  slowly  closinir 
switch  does  not  appear  practical  for 
simple  construction.  Short  circuitinir 
the  amplifier  or  loudspeaker  during 
shiftinjr  of  the  polarizing  voltajre  has 
no  advantage  since  this  method  it¬ 
self  also  brings  in  a  click.  A  potenti- 
(.meter  may  be  useful  for  setting  the 
polarizinjr  voltairP  as  a  timbre  con¬ 
trol  means,  but  this  will  not  allow 
fast  shifting  of  (juality  where  there 
are  pre-set  combinations  involving 
three  reed  banks  and  bass  and  treble 
t(  ne  controls.  With  the  potentiome¬ 
ter,  however,  clicks  will  be  ne^rlijrible, 
since  the  voltatre  is  varied  continu¬ 
ously  rather  than  in  sudden  jumps. 
The  third  way  to  adjust  the  con¬ 
tribution  from  each  reed  bank  is  the 
most  flexible,  but  also  the  most  ex¬ 
pensive  and  complex.  It  involves  a 
separate  pre-amplifier  for  each  rank, 
switchinjr  and  mixinf?  each  output 
tojrether  at  low  impedance  such  as 
500  ohms,  stepping  up  by  a  trans¬ 
former  to  the  following  tube  grid, 
and  switching  of  series  and  shunt 
capacities  in  that  grid  circuit  for 
timbre  control.  The  simplified  form 
of  this  circuit  is  shown  in  Fig.  8.  In 
this  method  no  clicks  are  produced, 
provided  of  course  that  no  signal  is 
being  fed  into  the  input  during  the 
switching. 

The  switch  itself  is  of  the  inter¬ 
locking  type  .so  that  when  one  but¬ 
ton  is  pushed  in,  another  already  in 
auton'atically  relea.ses.  Assuming 
that  'he  instrument  contains  three 
reed  ranks  and  provision  is  to  be 
made  for  bass,  treble,  and  volume 
control,  there  will  be  six  single  pole 
single  throw  switches,  or  twelve 
blades  in  all,  operated  by  one  but¬ 
ton.  .\t  least  six  and  preferably 
twelve  button  sections  are  desirable 
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for  .setting  up  as  many  different  com¬ 
binations.  Several  manufacturers  of 
radio  push  button  tuning  switches 
can  furnish  the  desired  unit  inex¬ 
pensively. 

Volume  Control  Sierll  Pedal 

The  volume  control  is  essential  to 
the  organ  since  the  pressure  or  im¬ 
pact  of  the  fingers  on  the  keys  has 
no  part  in  regulating  the  loudness  of 
the  tone.  If  the  swell  pedal  is  of  the 
balanced  type,  the  foot  can  adjust 
the  gain  .setting  and  then  leave  the 
pedal  for  operation  of  the  pedal 
keys.  One  will  save  time  and  money 
in  the  long  run  by  obtaining  at  the 
beginning  a  long-lived  potentiometer 
guaranteed  for  a  million  or  more 
rotations,  since  ordinary  radio  vol¬ 
ume  controls  invariably  become 
noisy  after  a  little  u.sage.  There  are 
.several  now  on  the  market  that  may 
be  obtained  for  less  than  two  dollars. 

A  pre-set  volume  control  in  front 
of  this  potentiometer  in  the  pre¬ 
amplifier  common  channel  is  neces¬ 
sary  to  avoid  turning  the  gain  be¬ 
yond  the  point  at  which  overload 
and  distortion  appears  in  the  loud¬ 
speaker. 

Choice  of  the  Poudsiieaker 

A  twelve-inch  loudspeaker  is  the 
smallest  that  can  be  recommended 
for  adequate  volume  and  the  15-inch 
electro-dynamic  is  preferred.  The 
low  frequency  pedal  tones  can  only 
be  reproduced  with  a  large  baffle 
plane,  infinite  baffle  arrangement 
( sound  absorbing  backl  or  bass  re¬ 
flex.  Resonant  sound  chambers  for 
accentuating  the  bass  have  the  un- 
desired  weakness  of  dulling  the 
stridency  of  tones  and  lengthening 
the  damping  period,  but  some  eco¬ 
nomical  compromise  must  be  effected 
between  deepness  of  bass  and  bril¬ 


liancy  of  treble.  Trained  ears  will 
quickly  detect  a  .synthetic  bass  which 
lacks  real  strength  in  the  fundamen¬ 
tal,  or  perhaps  one  should  say  the 
.sense  of  feeling  detects  the  deficiency, 
since  the  bass  tones  are  felt  as  much 
as  they  are  heard. 

No  organ  would  be  complete  with¬ 
out  a  tremulant,  which  introduces  a 
low-frequency  variation  in  volume. 
The  most  obvious  way  to  arrange 
this  is  to  vary  the  amplifier  gain  at 
a  periodic  rate  between  six  and 
twelve  times  a  second,  and  thus  the 
loudspeaker  volume  ri.ses  and  falls. 
A  superior  scheme  would  raise  and 
lower  the  frequency  of  all  the  notes 
along  with  a  change  in  their  volume. 
This  may  be  brought  about  in  the 
familiar  Doppler  effect  by  arranging 
a  single  paddle  to  move  to  and  fro 
in  front  of  a  loudspeaker.  Alternate 
pulses  push  out  the  air  and  pull  it  in 
so  that  the  frequency  fluctuates  as 
well  as  the  volume.  The  pivot  axis  is 
towards  the  base  of  the  celotex  board. 
With  many  reed  organs  there  is  al¬ 
ready  a  pneumatic  provision  for 
tremulant  by  rapidly  opening  and 
shutting  the  air  equalizer  chamber. 

I uxtallatiou  of  Amplifier  and  Loud¬ 
speaker 

The  amplifier  and  loudspeaker  are 
jueferably  placed  within  the  organ 
console  if  space  permits  this.  In  any 
ca.se,  the  pre-amplifier  section  should 
be  inside  the  organ  to  keep  the  lead 
from  pick-up  screws  to  input  short. 
It  is  best  to  have  that  lead  formed 
of  high-voltage  auto  ignition  cable 
tc  insure  against  leakage  noises.  To 
eliminate  loading  the  pick-up  system 
with  the  dead  capacity  of  shielding 
for  this  lead,  no  shielding  is  used 
unless  it  is  necessary  to  prevent  a-c 
hum.  At  this  highly  sensitive  input, 
(Continued  on  page  97) 
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A  Feedback  Welding  Timer 


Fig.  1- -Circuit  oi  the  timer.  The  output  of  the  control  tube 
it  fed  back  to  the  rectifier  tube  and  grid  control  circuit 


THK  half-cycle  electronic  timer  for 
small  parts  welding,  illustrated 
and  de.scribed  here,  has  been  en^ri- 
neered  and  constructed  for  weldinjr 
(•perations  in  the  radio  tube  indus¬ 
try.  In  such  work,  where  extremely 
short  but  uniform  weldinjr  time  is 
important,  these  units  have  proven 
their  effectiveness  over  a  consider¬ 
able  peri(»d  of  time,  providing  not 
only  uniform  welds  but  freedom 
from  excessive  oxidatitm  and  stick- 
iiijr  of  the  electrodes. 

It  is  not  generally  appreciated  that 
in  weldinjr  thin  materials  the  weld 
comes  up  to  temperature  much  faster 
than  in  the  usual  weld  due  to  the 
small  amount  of  metal  beintr  heated. 

•  ’ontinued  application  of  current 
thereafter  serves  only  to  heat  up  the 
electrodes  and  increase  the  tendency 
for  the  work  to  stick  to  the  electrode. 

Not  the  least  advanta^^e  offered 
I'V  this  unit  is  its  simplicity,  making 
it  inexpensive,  easy  to  install  and 
trouble-free  in  service.  F'undament- 
iilly,  it  is  a  device  which  limits  the 
(urrent  application  for  each  weld  to 
the  time  duration  of  a  sinjrlo  und 
<  "mplete  half-cycle  of  the  GO-cycle 
-supply  line,  regardless  of  the  instant 
of  closing  the  contactor.  This  is  ac- 
cnmpli.shed  throujjh  the  use  of  a  jrrid- 
cuntrol  rectifier  tube  in  the  circuit 
.''liown  in  Fi^.  1.  This  tube,  connected 
ill  -series  with  the  primary  supply  to 
the  welder,  is  capable  of  handling 
primary  currents  up  to  77  amperes 


and  is  intended  for  u.se  in  110,  220 
«tr  440  volt  supplies.  The  tube  is  a 
product  of  f^lectrons,  Inc.,  Newark, 
N.  J.,  and  known  as  their  type  C6J. 

In  the  idlinjr  position  of  the  timer, 
alternating'’  current  is  applied  to  the 
jrrid  exactly  180  dejrrees  out  of  pha.se 
with  the  anode  .so  that  at  no  time 
during  the  cycle  are  the  firinjr  con¬ 
ditions  satisfied.  The  jrrid  bias  is  ob¬ 
tained  through  a  transformer  pro- 
vidinjr  secondary  voltaic  of  55  and 
enerKi7ed  from  the  same  line  that 
supplies  the  anode,  but  connected  for 
out-of-phase  operation.  .Actually  the 
schematic  diagram  of  Fi^.  1  shows 
two  transformers  here,  the  reason 
beinjr  that  these  are  standard  and 
more  readily  available  than  a  single 
220-55  volt  unit. 

In  Fijr.  1  the  idlinjr  position  is  with 
relay  contacts  N,  and  N;  closed.  When 
the  foot-switch  at  the  welder  is  de¬ 
pressed  it  enerjrizes  this  relay,  open¬ 
ing  both  circuits.  Opening  of  Si  in- 
.serts  R,  in  the  55-volt  secondary  cir¬ 
cuit  and  this,  in  conjunction  with  C„ 
cau.ses  a  phase  shift  of  a  few  degrees 
in  the  voltage  applied  to  the  grid, 
with  the  result  that  at  some  point  in 
the  cycle  the  tube  will  fire,  and  cur¬ 
rent  will  be  supplied  to  the  welder. 
The  grid  is  positive  for  the  first  few 


Fig.  2 — The  welding  timer  with  cover 
removed.  The  large  tube  is  the  C6I  con¬ 
trol  thyratron 


liy  J.  KURTZ 

f'lillili  liiriMion,  FAxlrr  KUctric  Corp. 


degrees  of  the  positive  plate  cycle. 
.As  this  is  the  only  part  of  the  cycle 
during  which  firing  conditions  are 
satisfied,  no  current  flows  after  clos¬ 
ing  Si  until  the  beginning  of  the  next 
succeeding  positive  half  cycle,  at 
which  time  a  complete  half  cycle  of 
line  voltage  loses  control  as  long 
as  the  anode  is  positive.  The  current 
drawn  during  this  period  depends  on 
the  welder  and  is  practically  un¬ 
affected  by  the  tube.  While  the  tube 
is  conducting,  the  capacitor  Ci  is 
charged  through  the  83  rectifier  with 
a  resulting  high  negative  bias  on  the 
C6J  grid  which  prevents  firing  on 
succeeding  cycles.  The  network 
RiCs  is  provided  to  eliminate  supply 
voltage  disturbances  from  the  grid 
circuit.  With  release  of  the  foot- 
switch  at  the  welder  the  relay  con¬ 
tacts  close.  Si  allows  Ci  to  discharge 
through  Ri  while  Si  shorts  out  Ri 
allowing  the  180  degree  out-of-pha.se 
idling  operation  of  the  C6,J  tube  to 
be  resumed. 

The  photographs  show  a  typical 
example  of  the  unit.  This  unit  is 
assembled  on  a  standard  10  x  7-inch 
radio  chassis  and  inclosed  in  a  stan¬ 
dard  switch  box  the  knockouts  of 
which  provide  ventilation. 
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H.  O.  Peterson  of  R.CJV.  Communications  discussed  ultra-high 
frequency  propagation,  a  topic  of  growing  interest  to  the  broad¬ 
casting  fraternity 

W.  H.  Capen  of  International  Telephone  and  Telegraph  rises  to 
ask  a  question,  which  apparently  interests  the  rest  of  the  audi¬ 
ence 

Direct  from  the  foremost  authority  and  leading  exponent,  the  audi¬ 
ence  hears  Major  E.  H.  Armstrong  describe  his  system  of  fre¬ 
quency  modulation  via  the  well-known  vector  diagram 


War  and  propaganda  have  made  Ameri-  Andy  Ring  (right)  of  the  F.C.C.  compares  Raymond  Guy  of  N.B.C.  pauses  on  the  plat¬ 
en's  participation  in  international  broad-  f-m  and  a-m  with  Messrs,  Wilmotte  and  form  after  his  dissertation  on  the  Empire 
casting,  discussed  by  Gerald  Gross  of  the  Everitt.  Mr.  Wilkins,  having  heard  plenty  State  Television  Station,  with  Professor 
F.C.C.,  a  vital  concern  of  the  same,  puts  on  his  hat  and  coat  Everitt  and  Paul  Loyet 


Broadcasters 
AT  Columbus 

Students  and  teachers  at  the  1940  Broad¬ 
cast  Engineering  Conference,  latest  annual 
symposium  held  at  Ohio  State  University 
under  the  direction  of  Professor  Everitt 
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New  Books 


Handbook  of  Physics 
and  Chemistry 

By  Charles  D.  Hodgman,  2Srd  edition, 
S221  pages,  Chemical  Rubber  Publish¬ 
ing  Co.  Price,  $6.00, 

Every  edition  of  this  valuable  refer¬ 
ence  work  contains  more  data  than  the 
last,  and  in  this  edition  not  only  the 
number  of  papes,  but  the  page  size  has 
also  been  increased.  The  main  sec¬ 
tions  include:  mathematical  tables, 
properties  of  physical  constants,  gen¬ 
eral  chemical  tables,  specific  gravity 
and  properties  of  matter,  heat,  hygro- 
metric  and  barometric  tables,  sound, 
electricity  and  magnetism,  light,  quan¬ 
tities  and  units,  and  miscellaneous.  The 
numerous  tables  and  constants  have 
been  brought  up-to-date  by  two  score 
collaborators  and  contributors,  each  of 
whom  is  a  recognized  authority. 

The  book  will  be  of  interest  to  all 
technical  workers  in  the  natural  sci¬ 
ences.  The  mathematical  tables  and 
formulas,  the  14  pages  of  radio  for¬ 
mulas,  24  pages  of  tabulated  tube  char¬ 
acteristics,  2  pages  of  tube  socket  con¬ 
nection,  conversion  factors  for  decibels, 
will  be  among  the  many  items  which 
electronics  engineers  will  find  useful. 
The  tube  list  is  divided  into  receiving 
tubes,  telephone  and  industrial  tubes, 
transmitting  tubes,  gaseous  rectifiers, 
high  vacuum  rectifiers,  and  grid  con¬ 
trolled  rectifiers. — B.  D. 

A.S.T.M.  Standards  on  Elec¬ 
trical  Insulating  Materials 

Prepared  by  Committee  D-9,  T.  Smith 
Taylor,  Chairman,  American  Society 
for  Testing  Materials,  260  S.  Broad 
St.,  Philadelphia,  October  1939  {issued 
annually),  309  pages,  $2.00. 

This  book  contains  specifications  and 
methods  of  testing  a  wide  variety  of 
electrical  insulating  materials.  The 
following  materials  are  included: — 
Insulating  varnishes,  lacquers  and  re¬ 
lated  products,  covered  by  seven  speci¬ 
fications  and  tests;  molded  materials 
(five  standards) ;  plates,  tubes  and 
rods  (five  standards  including  a  method 
for  testing  phenolic  molded  laminated 
products)  and  solid  electrical  insula¬ 
tion;  oils;  glass  including  pin-type 
lime  glass  insulators,  glass  spool  in¬ 
sulators  and  electrical  porcelain;  rub¬ 
ber  products  including  rubber  tape, 
gloves  and  matting;  asbestos  yarns, 
tape  and  roving,  and  cotton  tape  and 
various  filling  and  treating  compounds, 
untreated  paper  and  mica  products. 
Also  included  in  this  book  are  six 
important  standardized  procedures  for 


electrical  tests,  namely,  arc  resistance 
of  solid  electrical  insulating  materials, 
dielectric  strength,  power  factor,  ther¬ 
mal  conductivities  of  solid  materials 
and  insulation  resistance.  The  book  is 
certain  to  be  of  value  to  both  producers 
and  consumers  of  insulating  materials 
in  that  it  provides  a  basis  for  mutual 
understanding  between  the  two  parties. 

Radio  Trouble  Shooter's 
Handbook 

By  Alfred  A.  Ghirardi.  Radio  <C* 
Technical  Publishing  Co.,  S'etc  York, 
First  Edition,  19.i9.  Price,  $3.00,  510 
pages,  13 i  illustrations. 

More  than  half  of  this  book  is  de¬ 
voted  to  case  histories  of  3,313  models 
of  177  different  makes  of  home  and 
auto  receivers.  It  is  well  known  that 
many  receivers  become  afflicted  with 
particular  troubles  which  are  peculiar 
to  that  receiver.  This  case  history  sec¬ 
tion  points  out  these  troubles,  how  to 
recognize  them  and  how  to  correct 
them.  There  are  51  other  sections  in¬ 
cluded  in  the  book  covering  a  wide 
variety  of  subjects  which  are  useful 
to  the  serviceman.  Several  sections  are 
devoted  to  problems  relating  to  auto 
radio  servicing.  Recorders,  sound  sys¬ 
tems  and  inter-communicators  are  also 
covered.  The  book  explains  much  of 
the  mathematics  and  numerical  stand¬ 
ards  with  which  the  serviceman  must 
be  familiar.  A  directory  of  manufac¬ 
turers  of  receivers  and  components  is 
given.  This  seems  to  be  one  of  the 
most  complete  radio  service  books  pub¬ 
lished  thus  far. — c.  w. 

The  Eleiiieiils  of  Radio- 
Communioatioii 

By  O.  F.  Brown,  M.A.,  B.Sc.  {Oxon), 
B.Sc.  {Lond.)  and  E.  L.  Gardiner, 
B.Sc.  (Lond.).  Oxford  University 
Press,  London,  Second  Edition,  1939. 
Price,  $6.00,  551  pages,  17 U  illustra¬ 
tions. 

To  THE  GENERAL  READER  who  desires  a 
background  of  the  principles  and  the 
history  of  radio,  this  book  will  un¬ 
doubtedly  prove  to  be  of  value.  The 
clear  and  simple  wording  of  the  first 
edition  is  retained  wherever  it  re¬ 
mains  suitable.  For  this  reason  there 
are  several  subjects  which  are  ap¬ 
proached  from  the  standpoint  of  early 
methods  and  subsequently  from  a  more 
modern  angle.  It  is  stated  by  the 
author  in  the  preface  that  radio  com¬ 
munication  can  only  be  fully  under¬ 


stood  if  the  historical  stages  which 
have  led  up  to  its  present  state  are 
appreciated.  It  will  be  found  that  the 
earlier  stages  tend  to  repeat  themselves 
in  modernized  form.  Thus  the  original 
ultra-short  waves  demonstrated  by 
Hertz,  after  many  years  in  which  they 
were  considered  useless,  are  now  of 
great  importance  and  the  original 
Fleming  two-electrode  tube  has  be¬ 
come  the  widely  used  diode  detector. 

The  explanations  of  radio  phenomena 
and  the  underlying  reasoning  are  made 
in  a  clear  manner  which  will  appeal 
to  the  general  reader.  In  some  cases 
it  may  be  thought  that  the  subject  is 
not  treated  with  sufficient  depth,  but 
it  must  be  remembered  that  this  is  in¬ 
tended  as  an  elementary  text  and  such 
explanations  should  be  considered  as 
introductions  to  more  advanced  studies. 

The  intention  of  the  book  is  to  be 
comprehensive  rather  than  to  give  ex¬ 
planations  of  great  depth.  Therefore, 
several  subjects  such  as  cathode-ray 
tubes  and  electron  multipliers  are  in¬ 
cluded  which  do  not  ordinarily  ap¬ 
pear  in  elementary  texts  on  radio. 
There  is  also  a  chapter  on  antenna 
design  along  with  reference  to  several 
recent  developments  including  air  navi¬ 
gation  by  radio,  ultra-short-wave  trans¬ 
mission  and  the  quartz  crystal  filter. 
— c.  w. 

PrtxliK'lioii  aiiil  Dirootion 
of  Radio  Pro^raiiiA 

By  John  S.  Carlile  (Production  Man¬ 
ager,  Columbia  Broadcasting  System.) 
Prentice-Hall,  Inc.  397  pages,  1939, 
$3.75. 

This  book  for  the  non-technical  de¬ 
partments  of  modern  broadcasting  sta¬ 
tions  covers  the  processes  of  producing 
and  directing  radio  programs  from  the 
inception  of  the  program  idea  to  its 
final  presentation  on  the  air.  Chapter 
headings  give  an  idea  of  the  contents, 
viz..  The  Program  and  Those  Who  Pro¬ 
duce  It,  The  Production  of  Musical 
Programs,  Precision  and  Routine. 
Speech.  Within  these  few  chapters 
will  be  found  a  great  deal  that  should 
be  known  to  everyone  who  has  any¬ 
thing  to  do  with  broadcasting,  not  ex¬ 
cepting  the  engineers,  the  announcers, 
the  gain  control  men — and  the  station 
owners.  Anyone  who  has  a  yen  to  go 
on  the  air,  with  speech  or  musical  pro¬ 
gram  should  be  instructed  properly 
in  the  art  by  a  thorough  perusal  of 
this  book,  written  by  the  production 
manager  of  one  of  the  world’s  largest 
broadcasting  systems. 

This  reviewer,  more  at  home  with 
what  happens  between  the  mike  and 
the  loud  speaker,  found  himself  vastly 
interested  in  the  description  of  the 
technique  of  what  happens  within  the 
studio  and  in  front  of  the  mike.  It 
is  recommended  to  engineers — and  of 
course  to  the  non-technical  people.  A 
much  better  idea  of  the  importance  of 
coordination  and  cooperation  between 
technical  and  artistic  people  cannot 
but  help  both — K.  H. 
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Radio  was  to  serve,  it  would  have  to  be 
reliable.  Radio  is  reliable  today.  Its  reli¬ 
ability  is,  in  fact,  the  marvel  of  our  time. 

Yet  to  EJec/ronics  and  its  readers,  this  is 
not  nearly  so  marvelous  as  the  manner  in 
which  it  has  been  accomplished.  For  you 
know  that  Radio's  reliability  rests,  every 
hour  of  every  day,  solely  upon  the  depend¬ 
ability  of  the  equipment  used. 

Cornell-Dubilier  is  proud  of  the  role  it  has 
played  during  the  past  thirty  years  in  the 
development  of  Radio  Broadcasting.  And  if 
"the  penalty  of  Leadership"  be  imtiring 
research  and  industryi  then' OD  has  more 
than  paid  the  price.'^For  Cprnell-DubiJier, 
the  Pioneer,  is,  today,  the  world's  largest 
exclusive  capacitor  manufacturer. 


/"''ORNELL-DUBILIER  salutes  Electronics 
on  its  first  10th  Anniversary.  We 
know  that  proud  feeling. 

We  can  remember  our  first  10th  Anniver¬ 
sary  even  though  it  doesn't  seem  only 
yesterday.  We  remember  because  the  turn 
of  the  "Twenties"  marked  a  milestone  in 
the  career  of  the  capacitor,  and  so,  in  ours. 

The  new  decade  saw  capacitors  estab¬ 
lished.  The  years  to  come  were  to  be  — 
for  Pioneer  Cornell-Dubilier,  at  least  — 
Research  years  .  .  .  years  devoted  to  ex¬ 
periment,  development  and  perfection. 

For  Broadcasting  had  come  into  its  own. 
Soon  it  was  growing  with  the  dazzling 
speed  of  Jack's  storied  beanstalk.  With 
that  growth  came  a  sense  of  responsibility 
—of  an  obligation  owed  to  the  public.  If 
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Users  of  CINCH  plugs  and  connectors  are 
the  makers  of  America’s  finest  radio  sets 

— and  that  is  the  record  Long  and  certain  service  is  the  rule  with 
Cinch  parts.  Just  plug  in  and  be  sure  with  CINCH  connectors. 

All  plugs,  illustrated  here  in  actual  size,  are  polarized  and 
vary  from  one  to  thirteen  prongs 

Metal  shells  with  substantial  internal  insulations  are  made  for 
most  of  the  plugs.  Also  supplementary  plugs  with  shells  can 
be  had  .  .  .  There  is  a  chassis  mounting  socket  to  match  every 
ug  illustrated. 

Cinch  and  Oak  Radio  Sockets  are  licensed  under  H.  H.  Eby  socket  Patents 


Pins  diameter  are 

available  in  either  *s'or 
7, g' lengths.  The  Vg' and 
•}j2*  diameter  pins  in 
either  3 s',  or  li,g' 
lengths.  While  the  stand¬ 
ard  hntshofpinsisnickel, 
silver  plating  or  "Cinch 
Solder  Coating”  may  be 
had  on  request. 


CINCH  MANUFACTURING  CORPORATION 

V,,  2335  W.  Van  Burvn  Skrmek,  Chicago,  Illinois 

SUtSiblARY  OF  UNITSD  CARR  FASTENER  CORP.,  CAMBRIDGE^  MASS, 
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TUBES  AT  WORK 

Measuring  altitude  by  acoustic  reflec- 


is  still  in  the  region  of  information 
which  is  valuable  to  the  pilot  and  which 
will  no  doubt  bo  extended  by  further 
research. 


•  •  • 


tion,  a  rotating-machine  iiiechaiiical 
amplifier,  a  simple  station-break  chime, 
and  250-mile  television  relay,  are  among 
the  technical  achievements  this  month 


Electro-sonic  Altimeter 
For  Aircraft 

By  John  H.  Jupe 

Safety  in  the  air  has  been  greatly  in¬ 
creased  by  the  recent  introduction  of 
a  new  altimeter  in  Great  Britain.  It  is 
based  on  the  well-known  principle  of 
measuring  the  time  taken  for  a  sound 
wave  to  be  reflected  back  to  the  gen¬ 
erating  source.  This  principle  has  been 
used  in  marine  sounding  apparatus  for 
many  years  and  as  far  back  as  the  last 
war  was  used  on  aircraft,  in  a  crude 
form. 

The  new  instrument  is  designed  to 
operate  entirely  from  a  24  volt  storage 
battery,  which  drives  a  motor  driven 
alternator.  Sound  is  generated  by  al¬ 
lowing  the  motor  to  speed  up  to  about 
10,000  rpm  and  then  short  circuiting 
the  alternator  rotor  across  the  voice 
coil  of  a  moving  coil  loudspeaker.  This 
speaker  has  a  small  metal  diaphragm 
in  place  of  the  usual  one  and  so  favors 
the  higher  audio  frequency  vibrations. 
The  duration  of  the  outgoing  pulse  is 
1/100  second  and  is  repeated  at  one- 
second  intervals. 

Alternating  current  is  also  obtained 
from  the  generator  to  provide  high 
voltage  anode  supply  for  the  tubes 
used  in  the  reception  amplifier,  for 
this  purpose  it  is  of  course  stepped  up 
in  voltage  and  then  rectified. 

On  its  return  to  the  aircraft,  the  re¬ 
flected  sound  impulse  is  received  by  a 
special  unit  consisting  of  a  frequency 
selective  moving  coil  microphone,  pro¬ 
ceeded  by  an  acoustic  filter  chamber 
to  remove  unwanted  engine  noises.  The 
microphone  voltage  is  amplified  by  a 
two  stage  pentode  amplifier  and  then 
passed  on  to  operate  a  recorder  or  in¬ 
dicator. 

Usually  the  recorder  is  of  the  starch- 
iodine  paper  type  and  the  resulting 
graph  gives  the  contour  of  the  ground 
being  flown  over,  directly.  An  indicator 
for  direct  reading  is  manufactured, 
based  on  the  vibrating  reed  frequency 
meter  used  on  power  circuits.  In  this 
case  an  arm  is  arranged  to  revolve  be¬ 
hind  the  reeds,  driven  by  the  24-volt 
motor.  As  the  arm,  which  carries  a 
coil,  passes  the  zero  mark  on  the  scale 
an  impulse  is  sent  out  from  the  ma¬ 
chine.  Slightly  later  and  depending  on 
the  echo  time  of  the  returning  wave,  the 
coil  will  be  energised  by  the  amplified 
return  impulse  and  so  cause  the  ad¬ 
jacent  reed  to  vibrate. 


Where  a  recorder  is  used  the  stylus 
will  sweep  to  and  fro  across  the  damped 
starch-iodine  paper  and  the  outgoing 
impulse  will  occur  when  it  is  at  zero 
mark.  A  brown  dot  will  then  appear  at 
some  other  point  on  the  chart,  depend¬ 
ing  again  on  the  echo  time. 

Intervals  of  one  second  are  ample  for 
both  types  of  indicators  and  as  is  usual 
with  the  vibrating  reed,  group,  the 
reeds  on  either  side  of  the  true  point 
vibrate  but  with  lesser  amplitude. 
Height  is  read  on  a  translucent  illumin¬ 
ated  dial. 

So  far  as  the  tran.smitter  and  re¬ 
ceiver  are  concerned  the  apparatus  is 
mounted  in  the  aft  end  of  the  fuselage, 
cone  shaped  horns  about  20  inches  in 
diameter  being  arranged  flush  with  the 
external  covering  of  the  craft  and 
mouth  downwards. 

For  the  time  being,  750  feet  is  the 
maximum  height  at  which  the  appa¬ 
ratus  will  work,  this  over  grassland. 
Over  water  the  figure  is  450  feet  but 


Tlu»  Aniplitlynt^ — A  New 
Meeliaiiieal  Amplifier 

.\t  the  winter  convention  of  the 
American  Institute  of  Electrical  Engi¬ 
neers,  Dr.  E.  F.  W.  Alexanderson,  A.  F. 
F'isher  and  M.  A.  Edwards,  of  the  Gen¬ 
eral  Electric  Company  revealed  a  new 
type  of  generator  known  as  the  Ampli- 
dyne,  which  is  capable  of  operating  as 
an  amplifier  of  control  impulses  in 
much  the  same  manner  as  the  vacuum 
tube  amplifier,  but  at  very  much  higher 
power  levels.  The  Amplidyne  generator 
responds  almost  instantaneously  to 
changes  in  power  input,  that  is,  there 
is  no  perceptible  time  lag  between  ad¬ 
justment  of  the  input  control  and  the 
response  of  the  output.  A  total  ampli¬ 
fication  of  about  10,000  to  1  is  available 
in  the  device. 

The  Amplidyne  generator  is  a  mo¬ 
tor  driven  generator  of  the  compensated 
type  v.’hich  has  an  extra  set  of  short- 
circuited  brushes  for  each  set  of  poles. 
The  short-circuited  brushes  are  usually 
set  at  right  angles  to  the  power  brushes. 
A  field  winding  supplies  a  control  mag¬ 
netic  field  which  induces  a  voltage  in 
the  short-circuited  brushes  and  at  the 
same  time  with  an  over-all  amplifica¬ 
tion  of  about  100  to  1.  This  is  the 
first  stage  of  amplification  in  the  de¬ 
vice.  The  control  is  then  transferred 


ORIGINAL  CLOUD  CHAMBER  EXHIBITED 


Dr.  F.  A.  B.  Ward,  (right)  museum  officer  at  the  Science  Museum,  South 
Kensington,  explaining  C.  T.  R.  Wilson's  original  cloud  chamber,  which 
showed  the  motions  of  electrons  directly  for  the  first  time 
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INSUROK 

The  Precision  Plastic 

Surface  beauty  is  not  enough — it  must  be  backed  by  per¬ 
formance.  For  that  reason  every  INSUROK  precision 
molded  part  or  product  not  only  possesses  pleasing  ap¬ 
pearance  but  delivers  the  utmost  in  utility  and  depend¬ 
ability.  Manufacturers  are  quick  to  appreciate  these  ad¬ 
vantages.  More  and  more  Richardson  facilities  are  called 
upon  to  assist  in  adding  eye  appeal,  greater  salability, 
and  improved  performance  to  numerous  diversified  prod¬ 
ucts.  Quite  likely  you're  missing  something  by  not  avail¬ 
ing  yourself  of  this  service.  Why  not  investigate? 


<7^6  RICHARDSON  COMPANY 

MelroM  Park.  (Chicafo)  Ill.  Founded  ISM  Lockland.  (Cincinnati)  Ohio 

New  Brunnrick,  N.  J.  Indianapolit.  Ind. 

Detroit  Office;  4-252  O.  M.  Buildinf.  Phone  Madieon  93S6 
New  York  Office:  75  Weet  Street,  Phone  Whitehall  4-4487 


from  the  short  circuited  set  of  brushes 
to  the  power  brushes,  resulting  in  a 
further  jrain  of  100  to  1  or  10,000  to  1 
overall. 

Several  installations  of  the  Anipli- 
dyne  type  generator  have  already  been 
made,  particularly  in  the  steel  industry. 
For  example,  one  such  generator  has 
been  used  in  conjunction  with  a  boring 
mill  as  a  means  of  obtaining  rapid  and 
accurate  positions  of  the  cutting  tool. 
The  operator  pre-sets  the  position  of 
the  next  cut  to  be  made  by  dials  which 
indicate  feet,  inches,  and  thousandths 
of  inches.  These  dials  in  turn  control 
the  input  to  the  .^mplidyne  generator 
which  positions  the  tool  to  the  displace¬ 
ment  indicated  on  the  dials  when  the 
operator  presses  a  button.  The  next  cut 
is  then  made.  The  device  has  also  been 
used  as  a  means  of  controlling  the 
speed  of  reeling  of  continuous  steel  strip 
as  a  means  of  obtaining  constant  ten¬ 
sion  and  uniform  spwd  in  strip  polish¬ 
ing,  as  a  means  of  synchronizing  flying 
shears  and  as  a  means  of  excitation 
of  large  synchronous  motors.  It  has 
also  been  used  in  the  paper  industry  to 
allow  production  of  both  light  and 
heavy  grades  of  paper  with  a  minimum 
of  waste.  .Also,  in  conjunction  with 
photoelectric  registering  devices  it  is 
possible  to  maintain  the  exact  register 
of  paper  moving  through  rewinding. 

•  •  • 

A  Simple  (]liime  for 
Stulioii-BreukH 

The  editors  are  indebted  to  .A.  G. 
Swan  of  Station  WUGA  for  informa¬ 
tion  on  a  simple  chiming  device  for  use 
in  broadcast  stations.  The  ordinary 
hand-operated  chime  must  be  placed 
close  to  the  microphone  if  it  is  to  offer 
sufficient  level  relative  to  the  rest  of  the 
program,  and  if  this  is  done,  the  noise 
of  the  hammer  is  apt  to  be  objection¬ 
ably  loud. 


Arrangement  of  station-break  chime 

To  eliminate  this  trouble,  a  simple 
electrically-operated  chime  pick-up  de¬ 
vice  was  installed  in  the  control  room 
of  the  station,  and  was  arranged  for 
operation  from  the  announcer’s  posi- 
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_ 

Solve  Problem  In  Conslruclion  of 

MOBILE T£L€VISION  UNIT,,, 


WIIKN  F  'uriiHKorth  TeltMiHion  &  Radio 
<]or|iorution  d(‘<‘id(‘d  to  luiild  certain 
TeleviBioii  equipment  to  ai^sint  in  spreading 
the  fame  of  their  Televinion  net  throughout 
I'ncle  Saiii'n  domain,  came  the  problem  of 
mohility  *  Mhich  called  for  the  con- 

»«triiction  of  the  ma>*ter  unit  in  Hinaller  sec- 
tioiiM  to  he  quickly,  yet  elliciently,  as^^emhleil 
and  dina^Hemhled  for  packing  and  transport 
on  the  proposed  nation-Hide  tour. 

^  ilh  ^<‘<■lional  ron^triiolion  rlrarlv  indiralcfl,  ihi* 
prolilrin  (iii  |Ht!>ilivc',  ron- 

iHTlioti^  for  iiiinirroiis  ^horl-l«■ll^lh,  co-axial  cable*, 
bctwc<‘ii  sccli«nis.  The  Mtiulioii  likewise  >%as  clear 
— t'o-axial  i’liigs  for  conipb-te  shiebling  of  every 
eireuil.  And  »>iiire  the  name  'Mlannon''  was  synony- 
niotis  nilh  “I'liig**",  (iannon  engineers  soon  Here  at 
Hork  designing  a  rugged  (lo-axial  jack  with  the 
eilieieney  of  a  sobier  terminal.  Just  how  Hell  they 
met  this  challenge  He  h‘ave  to  tht*  Hords  of  Fanis- 
north's  Mr.  FHinmings  in  the  lett«‘r  above. 

(tv«-r  70  f'o-axial  Jacks  and  panel-muiinting,  mating 
Keeeptaeles  arc  employed  for  eonneetion  and  quick 
diseonneetion  of  more  than  a  score  of  shielded  cir¬ 
cuits  *  ♦  *  *  “This  equipment'’,  nrites  Vice-Presi¬ 
dent  Cummings  further,  “together  nith  the  parts 
nhieh  Cannon  supplied  for  it,  has  given  and  con¬ 
tinues  to  give  excellent  service  after  exhibits  in  23 
or  .'to  of  the  larger  cities  .  . 

The  ilevelopment  of  these  Co-axial  Plugs  for  Farns- 
Horth  illustrates  the  highly  specialized 
service  available  to  (Cannon  clients. 

CAIVISON  ('ahlf*  Connectors  arc  pre-  ^  \ 

eminent  in  the  fields  of  Sound.  Aero-  / 
naiities.  (Geophysical  Research.  Instru-  1 
nicnt-(!ontrol  on  Ships  and  Laboratory 
I’ancis.  y 


r- 


FnrnfVfirth  .^fo- 
hilr  Trlrrinion 
Transmitter,  A»- 

ftofi«  and  Kfj**ip- 
jteti  Thfonnhoytt 
¥^ith  /’4.VVOV 
To  -  nrinl  ('nlle 
('unn>  rtofn. 


Ulustratod  Bulletins  with  dimensional  data 
describe  various  CAMyOM  lines.  Please  specify 
your  requirements  when  requesting  Bulletins. 


CANNON  ELECTRIC  DEVELOPMENT  COMPANY 

420  WEST  AVENUE  33  LOS  ANGELES,  CALIFORNIA 

Eastern  Sales  Office:  220  Fifth  Ave.,  New  York,  N.  Y. 


(  Lett )  near  I’lrir 
Farnnenrlh  Trlr- 
H»(on  f'ntt.  Orer 
70  r  A  .V  .V  n  .V 
Ca-ntial  Plnot 
Transmit  Citrrrnt 
tn  thr  Cnmplrtrly 
Shirlitnl  rirmiO 
Aim  Sale  Larorr 
Co-arial  Pluot  In 


C  AX  SOS  Co-axial 
Plug  Aoemblg  Fur 
Televition  Circuits. 


KLECTROINICS 


( 


The  high  Toltage  generator  demon- 
atrated  by  Dr.  Condon  (left) 


I  lion.  A  simple  key  at  the  announcer’s 
I  position  closes  a  relay  in  series  with 
i  115-volt  circuit,  which  feeds  the  elec- 
!  trically-operated  chime.  Chimes  of  this 
type  may  be  obtained  from  hardware 
stores.  A  simple  wire  connection  be¬ 
tween  the  tone  bar  of  the  chime  and 
the  needle  receptacle  of  a  standard 
phonograph  pick-up  is  used  to  trans¬ 
form  the  mechanical  vibration  into 
an  electrical  siprnal. 

The  key  at  the  operator’s  position  is 
so  connected  that  the  pick-up  circuit 
is  opened  when  the  chime  solenoid  is 
put  into  the  circuit.  This  disconnects 
the  pick-up  during  the  initial  strikinK 
of  the  hammer.  When  the  key  is  re¬ 
leased  the  pick-up  is  connected  to  the 
circuit  and  delivers  the  tone  to  the  am¬ 
plifier  input. 


Atom  Siiias^lier  Displuyrtl 
at  East  Pittsburgh 

The  hk'.h  voi,ta(;e  jrenerator  and 
atomic  bombardment  apparatus  which 
has  been  under  construction  at  the 
Westinjrhou.se  Re.search  Laboratories 
was  recently  demonstrated  to  technical 
writers  anti  educators  by  Dr.  K.  IJ. 
Condon,  associate  director  of  the  labor¬ 
atories.  The  demonstration  showed  how 
artificial  radioactive  substances  may  be 
produced  by  proton  (hydrojren  nuclei) 
bombardment.  The  fluorine  in  natural 
fluorite  was  transformed  into  neon  by 
bombardment.  In  this  case  the  fluorine 
atoms  capture  protons  and  assume  the 
next  hijrher  atomic  number,  that  of 
neon.  The  transformation  is  accom¬ 
panied  by  the  production  of  jramma 
radiation.  In  another  demonstation,  or¬ 
dinary  carbon  in  graphite  form  was 
bombarded  by  one  microampere  of  cur¬ 
rent  of  deuterium  (heavy  hydropen 
ions)  for  15  minutes.  The  result  w’as 
the  production  of  radioactive  nitrojren, 
equivalent  in  activity  to  10  millij?rams 
of  radium. 


We  honestly  believe  that  T  R  &  S  Rivets 
are  the  best  you  can  specify  for  your 
production  charts.  Because  T  R  &  S 
Rivets  are  as  close  to  perfection  as  skill, 
inspection  and  processes  of  manufac¬ 
ture  can  produce.  They  are  100% 
usable,  accurately  gauged,  and  are 
backed  by  the  integrity  of  the  world's 
oldest  and  largest  Tubular  and  Split 
Rivet  factory. 

Many  motorized  models  of  our  rivet  set¬ 
ting  machines  are  available  in  single 
stroke  and  multiple  drive.  Inquiries  are 
invited — together  with  samples  of  work 
you  wish  to  do. 

(^) 

TUBULAR  RIVET  &  STUD  CO. 

World's  Largest  Manufacturers  of  T ubular 
and  Split  Rivets 

WOLLASTON  (Boston)  MASSACHUSETTS 
New  York  Chicago  Detroit  Indianapolis 
San  Francisco  Nashville  Dallas  St.  Louis 
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AmerTran  Transformers 
are  still  selected  by  lead¬ 
ers  in  industry  for  all 
electronic  applications. 


Since  the  first  issue  of  "Electronics,” 
back  in  1930,  AmerTran  advertise¬ 
ments  have  featured  transformers  for 
electronic  applications.  At  that  time 
AmerTran  was  already  the  acknowl¬ 
edged  leader  in  this  specialized  field, 
having  had  experience  extending  over 
three  decades  in  supplying  transform¬ 
ers  to  the  communication  industry. 


Today  AmerTran's  position  is  un¬ 
changed  and  leaders  throughout  the 
entire  electronic  industry  continue  to 
specify  our  equipment  for  transformer 
applications.  Apparatus  regularly  sup¬ 
plied  covers  the  complete  range — from 
the  smallest  audio  unit  of  an  air-craft 
receiver  to  the  giant  power  transform¬ 
ers  for  a  50,000  watt  transmitter — 
and  all  ratings  are  available  in  either 
small  or  large  quantities. 


•  In  Transmitter  Type 
lOOA,  manufactured 
by  International  Tele¬ 
phone  Development 
Company,  AmerTran 
Transformers  are 
used  throughout. 
This  equipment, 
shown  above,  is  crys¬ 
tal  controlled  and 
delivers  1500  watts 
of  CW,  MCW  or 
'phone  at  any  fre¬ 
quency  in  the  range 
of  3,000  to  20,000  Kc. 


Let  us  submit  complete  data  on  trans 
formers  for  your  particular  require 
ments. 


•  Coordination  in  transformer  designs  explain 
the  excellent  performance  characteristics  of 
Transmitter  Type  lOOA.  At  85  percent  modu¬ 
lation,  the  transmitter  output  is  uniform 
within  2  percent  with  harmonic  distortion 
below  3  percent. 


Newark,  N.  J. 


178  Emmet  St. 


IXECTROMCS 


I  The  atom-sinashiii>r  apparatus  ron« 

I  sists  of  a  hi^rh-volta>re  ^ronorator  of 
I  the  moviuK-helt  (van  der  Graff)  type 
'  which  has  been  used  at  direct  voltajrcs 
I  as  hifih  as  4,000,000  volts.  The  con- 
I  stancy  of  the  voltape  produced,  inipt>r- 
!  tant  in  controllinjr  the  atomic  trans- 
'  formations,  is  greater  than  that  of  any 
I  hi^rh  voltage  machine  yet  developed. 

I  Experiments  to  determine  the  mini- 
I  mum  energy  i-equired  to  produce  neu¬ 
trons  from  lithium  and  carbon  under 
I  proton  bombardment  are  now  under 
I  way. 


•  •  • 


S.  S.  WHITE  FLEXIBLE  SHAFTS 
have  gone  places  since  1930 

Of  course,  S.  S.  WHITE  Flexible  Shafts  were  well  known  and 
widely  used  long  before  1930.  But  during  the  10  years  since  then, 
applications  have  multiplied  at  a  rapid  rate.  This  has  been  par¬ 
ticularly  true  in  the  automotive,  aviation  and  electronic  fields,  due 
mainly  to  the  origination  and  development  by  S.  S.  White  of 
Remote  Control  shafting  specially  for  radio  and  other  applica¬ 
tions  in  these  fields. 


A  FEW  APPLICATIONS 
OP  S.  S.  WHITE  SHAFTS 


AUTOMOTIVE 

Auto  Radios — panel  and 
underseat 
Radio  Antennas 
Clock  Setting 
Trip  Mileage  Reset 
Choke  and  Needle  Valve 
Engine  Governor 
Search  Light 
Gear  Shift 
Heaters 

Air  Conditioning 
Taximeters 
Truck  Recorders 
Speedometers 
Windshield  Wipers 
Automatic  Carburetor 

AIRCRAFT 

Radio  Receivers 
Beacon  Receivers 
Compass  Loop 
Antenna  Loop 
Antenna  Reel 
Heating  Register 
Tab  Control 
Turn  Bank  Indicator 
and  Bomb-Sight 
Tachometers 
fuel  Pumps 
Controllable  Pitch 
Propeller  Governors 


If  you  are  not  familiar  with  these 
latest  flexible  shaft  developments. 
Bulletin  1238  on  Power  Drive  Shafts, 
and  Bulletin  38  on  Remote  Control 
Shafts,  will  bring  you  up  to  date. 
Copies  are  yours  for  the  asking. 
Write  for  them. 


S.  S.  WHITE 

The  S.  S.  White  Dental  Mfg.  Co. 

INDUSTRIAL  DIVISION 

Department  E,  10  East  40th  St.,  New  York,  N.  Y. 


FLEXIBLE  SHAFTS  for  POWER  DRIVES,  REMOTE  CONTROL  and  COUPLING 


\-Ray  For  ('.lirrkiii^  Cniidi* 
lion  of  Aiiloniohilr  Fires 

Raimi>  I.\SPKIT1(»N  OK  automobile  tires 
without  removal  from  the  car  or  truck 
is  made  possible  by  a  new  portable 
X-ray  device  <leveloped  by  the  Gen¬ 
eral  Electric  X-Ray  Corp.  The  unit  is 
intended  to  reveal  the  presence  of  tacks, 
nails,  wire,  etc  or  plass  or  stones  em¬ 
bedded  in  the  tire  wall.  It  can  accomo¬ 
date  tires  of  all  passenjrer  cars  and  of 
the  smaller  trucks,  includinir  white- 
wall  tires  which  contain  zinc  oxide  and 
hence  are  more  opatpie  to  X-radiation 
than  is  the  or«linary  tire.  Inspection 
is  made  by  means  t>f  a  fluoroscopic 
viewin>r  screen. 

The  X-ray  tube  itself  is  mounted  in 
an  all-metal  head  which  includes  all  the 
hiirh-voltajre  parts  (transformers  and 
tube)  immersed  in  insulatiiiLr  oil.  The 
construction  resembles  that  of  the 
standard  shock-proof  mountinir  used 
widely  in  industrial  and  me<lical  prac¬ 
tice.  The  unit  is  eiier>rized  from  a 
standard  110-volt  tlO  cps  line.  Two 
switches  are  provided:  one  is  a  lock- 
type  line  switch  which  can  be  operated 
only  by  authorized  persons,  and  the 
other,  a  push-button  switch,  applies  the 
hiprh  voltage  to  the  X-ray  tube  as  de¬ 
sired.  Two  values  of  anode  voltape  are 
available,  which  may  be  selected  by  a 
two-position  selector.  The  hitrher  Volt¬ 
aire  ratinjr  is  used  only  on  thr  thicker 
tires. 

In  use.  the  X-ray  unit  is  wheeled  un¬ 
der  the  car,  which  has  previously  been 
jacked  up  until  the  wheels  are  about  0 
inches  above  the  floor.  The  head  of  the 
machine  is  placed  directly  under  the 
axle  and  close  to  the  tire  but  not  touch- 
inir  it.  A  handle  is  then  turned  which 
clamps  the  wheels  of  the  X-ray  unit, 
raises  protective  shields  on  either  side 
to  inhibit  stray  radiation,  and  places  a 
roller  airainst  the  wheel  to  turn  it 
.slowly  past  the  X-ray  head.  The  oper¬ 
ator  then  presses  the  hiirh  voltaire 
sw’itch  and  views  the  tire  throujrh  the 
fluorescent  screen  hood.  The  tire  is 
turned  by  the  roller,  which  operates 
under  the  control  of  the  operator.  When 
a  foreign  object  is  discovered,  its  ex¬ 
act  position  may  be  determined  by 
slowly  turninfr  the  wheel  until  the  X-ray 
image  of  the  object  falls  directly  oppo¬ 
site  a  reference  arrow  marked  on  the 
screen. 
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’transmitting  tubes 


DEPENDABLE  TUBES 


There  are  no  "degrees"  of  quality 
in  Westinghouse  Radio  Transmit¬ 
ting  tubes.  Each  must  come  up  to 
the  same  high  standards  inherent 
in  all  Westinghouse  products. 
These  standards  are  guaranteed  to 
us— and  to  you — by  specified  con¬ 
trols  and  tests  at  every  stage  of 
manufacture,  from  raw  materials  to 
finished  tube. 

For  example,  Westinghouse  fila¬ 
ment  wire  is  completely  manufac¬ 
tured  within  our  own  plant,  with 
every  step  of  processing  controlled 
by  exacting  specifications.  Fila¬ 
ment  wire  for  Westinghouse  tubes 
must  run  the  gauntlet  of  more  than 
100  quality  checks  dur- 
^  mg  its  evolution  from 
acceptable  ore  to  qual¬ 
ity  wire. 

This  is  typical  of  the 


care  and  attention  which  we  give 
to  all  phases  of  tube  manufacture, 
and  which  permits  us  to  say: 

For  dependable  tubes  depend  upon  Westinghouse 

IVrite  lor  descriptive  tube  bulletin  TD-92 
Westinghouse  Special  Products  Division,  Bloomheld,  New  Jersey 

A  new  50  KW  transmitter 
with  special  advantages  for 

commercial  broadcasting 

Hand  in  hand  with  development  of  radio 
tubes  and  practical  operation  of  com¬ 
mercial  Stations  such  as  KDKA,  Westing¬ 
house  has  apphed  pioneering  radio  expe¬ 
rience  to  the  development  of  improved 
broadcasting  equipment. 

A  new  50  KW  transmitter,  already  in 
daily  operation  at  Station  KDKA,  provides 
(1)  Air  cooling  of  edl  tubes,  (2)  Clean-cut 
modem  design  with  every  part  readily 
accessible,  (3)  Fuseless  protection  for  all 
circuits,  (4)  Extremely  low  operating  cost. 

Complete  details  on  request:  Westing¬ 
house  Radio  Sales  Division,  Baltimore,  Md. 


tune  in  westinghouse  "MUSICAL  AMERICANA",  N.B.C.  BLUE  NETWORK,  THURSDAYS,  8  P.  M.,  E.S.T. 
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RADIO  WIRES  have  ''PERSONALITY  too 


Dont  ^ 


It’s  easy  to  identify  the 
best  wire  for  each  job 


BclJcn  wires  arc  engineered  to  fit  the  radio 
industry's  most  exacting  requirements.  Belden 
wires  in  production  are  subjected  to  the  most 
detailed  inspection  to  obtain  constant 
characteristics. 

These  wire  characteristics  are  known.  You 
can  specify  hook-up  wire  to  such  specifications 
as  Power  Factor,  Q-Value,  Puncturing\"oltage, 
or  Insulation  Resistance,  as  well  as  size,  color, 
and  insulation. 

You  can  specify  microphone  cable  of  known 
capacity  between  conductors  and  between  con¬ 
ductors  and  shield.  You  have  equal  confidence 
in  quality  and  uniform  characteristics  of  every 
item  in  Belden’s  complete  assortment  of  wires 
for  radio  and  sound  equipment  manufacturers. 
Use  the  right  wire  for  every  job.  Specify  Belden. 

Belden  Manufacturing  Co.,  4625  W.  Van 
Buren  St.,  Chicago,  Ill. 


Belden 


WIRIS  FOR  RAll11i'"llD  C O illOTfi It I iHl 


KLECTRON  ICS  —  J /in/  /  9  /(» 


65 


TERMINALS 


ENCLOSURES 


Phototiihe  (loiiiits  Revolutions 
of  Wallhournieter,  C^^oiiipares 
It  With  Standard  Unit 


A  now  i)hntoolootrioal  mot  hod  of  tost- 
in>;  tho  oalibration  of  rovolvin>;-diso 
typo  watthouiinotors  has  boon  dovol- 
opod  at  tho  (i.K.  Lahoiatt)rios  at  Sohon- 
ootady.  Tho  phototuho  systom  omploys 
a  sou  ICO  of  lijrht  on  ono  side  of  tho 
rovolvinn  disc  of  tho  motor  undor  tost 
and  a  phototuho  on  tho  opposito  sido. 
Li^rht  passos  thoujrh  tho  "croop-holos” 
in  tho  disc,  lo^ristorinp:  a  count  twice 


Which 

Resistor? 


^  our  resistor  requirements  are  no  more  ditHoult  to 
fulfill  than  those  of  more  than  10. 000  Klectrical  ami 
Industrial  Engineers  who  are  now  using  these  bulle¬ 
tins  as  a  reference  guide. 

X’itrohm  Resistors,  designed  to  satisfy  these  10.000. 
are  available  in  a  wide  variety  of  sizes,  ratings  and 
terminals.  ^  our  "special  ”  problems  can  be  si)lved 
by  these  combined  standard  Ward  I.eonaril 
Resistors. 


Light-source  and  phototube  (on 
standard)  count  watthour  revolutions 


in  each  revolution.  The  jjhototuhe  cur¬ 
rent  passes  to  an  amplitier  and  relay 
system  which  applies  voltage  to  the 
potential  circuit  of  the  rotating  stand¬ 
ard  meter,  thus  allowing  the  rates  to 
he  compared  directly.  Tests  show  that 
the  accuracy  of  the  comparison  is 
within  0.001  per  cent  in  one  revolution 
and  0.0004  per  cent  in  ten  revolutions. 
This  high  degree  of  accuracy  allows  a 
much  shorter  running  time  in  each 
test,  approximately  one  half  the  time 
needed  in  the  conventional  counting 
method. 


Send  for  these  bulletins.  ^  ou  will  find  them  most 
useful  and  helpful  guides  in  solving  your  resistor 
problems. 

BULLETIN  11 

Tells  about  I  itrohrn  Wire  Wound  Re¬ 
sistors,  gives  sizes,  u’att  ratings. 


BULLETIN  19 

Describes  lizard  Leonard  Ribflex  Resistors 
for  unusually  heavy  duties. 


BULLETIN  25 

Is  a  treatise  of  standard  and  special  mount 
ings  and  enclosures. 


Britain  Plans  Television 
Via  (iable 


WARD  LEONARD 

ELECTRIC  COMPANY 

32  South  Street  Mount  Vernon,  N.  Y. 

Electric  Control  Devices  Since  1892 


Plans  havk  bf:en  prepared  fer  reopen¬ 
ing  the  television  service  in  Great 
Britain  which  was  interrupUd  by  the 
outbreak  of  war.  The  new  arrangement 
is  to  make  use  of  relay  stations  and  low 
loss  cables  for  transmission  purposes 
and  was  experimented  with  by  Post 
Office  engineers  before  the  war. 

It  is  claimed  that  the  new  plan  has 
certain  advantages  over  the  radio-link 
scheme  of  distribution  from  a  central 
point.  Chief  amongst  these  are  freedom 
from  interferance  and  low  monetary 
cost,  as  neither  the  British  Broad¬ 
casting  Corporation  nor  the  Govern¬ 
ment  would  be  required  to  contribute 
anything  to  the  finances  of  the  scheme. 
The  Postmaster  General  and  his  tech¬ 
nical  experts  are  at  present  considering 
the  proposals. 


WARD  LEONARD  ELECTRIC  CO.,  32  South  Street,  Mount  Vernon,  N.  Y. 


Please  send  me  your  bulletins  Nos. 

Name  . 

Company  .  . 

Street  . 
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INSIDE  FACTS 


Read  why  Monel  and  other  Nickel-base 
alloys  were  selected  by  the  following 
and  other  manufacturers: 


Westinghouse  Electric 
Thomas  A.  Edison,  Inc. 
Electronic  Laboratories 
Schick  Electric  Razor 
Bead  Chain  Company 
Edwin  L.  Wiegand  Co. 
Pass  &  Seymour 
Square  "D"  Company 
Scintilla  Magneto 
Electric  Auto-Lite 
Mallory  Electric 
North  Electric  Mfg. 


The  International  Nickel  Company,  Inc. 

67  Wall  Street,  New  York.  N.  Y. 

Gentlemen: 

Please  send  me  without  charge  or  obligation  a 
copy  of  your  new  booklet,  “Tremendous  Trifles.” 


Address 


Tells  how  tvell-knowii 

Klect rival  Ktiiiipmeul  manufacturers  improve 
small  parts  and  make  a  ^ood  protlut  l  better 


Are  you  bothered  by  a  spriiio  that  fails  at  bijib  teiii|M*rature 
^  . . .  ora  viliratiiifi  part  that  fails  tbroiij:h  fati<:ue?  For  these 
and  countless  other  metal  problems  you'll  find  a  ready  solu¬ 
tion  in  Ineo's  new  booklet,  “'Tremendous  Trifles." 

This  new  booklet  is  practical  from  start  to  finish.  The  ideas 
it  presents  are  siircess/ii/ ...  worked  out  by  manufaeturers,  as 
shown  in  the  list  at  ri<:ht.  In  addition,  “■Tremendous  Trifles'’ 
contains  a  valuable  section  of  Condensed  Engineering  Data,  by 
which  you  can  compare  the  properties  of  metals  and  alloys 
used  for  electrical  and  electronic  applications. 

Recatise  of  the  expense  of  publishing  this  booklet,  it  is  being 
mailed  only  on  retpiest.  In  reply  to  a  single  letter,  1992  electri¬ 
cal  equipment  makers  have  already  sent  for  a  copy,  ^oiild  you 
like  to  have  one?  Then  simply  return  the  attached  coupon  . . . 
no  charge  and  absolutely  no  obligation. 

the  international  nickel  company,  INC. 


67  WALL  STREET,  NEW  YORK,  N.  Y. 


/Ay  i 


’‘Monel**  is  m  reiriatered  tmUe-murli  «>f  The 
InternstioMl  Nickel  i'ompeny,  Inc.,  which  U 
applied  to  a  nickel  aline  contwininc  appn>xi* 
mately  two-thirds  nickel  and  one-third  copper. 


MONEL 


TIME  TESTED  AND  PROVED-A  SMALL 
RELAY  FOR  RENERAL  APPLICATIONS 


if  Bring  your  control  problems  to  Guardian  Electric  where  experience 
gained  through  the  design,  development  and  production  of  thousands 
of  electrical  control  units — from  simple  small  relays  like  the  well-known 
Series  110  AC  Relay  by  Guardian  illustrated  above — to  intricate  com¬ 
binations — can  turn  your  seemingly  impossible  control  problems  into  ' 
quick,  easy  answers.  I 


RELAYS  BY  GUARDIAN 

Designed  singly,  or  in  complete  control  assemblies  from  3700  stand¬ 
ard  Guardian  parts — synchronized  each  to  the  other  and  to  your  ma¬ 
chine.  High  speed  production  lines  turn  out  ANY  QUANTITY  AS  YOU 
WANT  THEM  WHEN  YOU  WANT  THEM— with  a  plant  within  a  plant 
to  produce  those  one,  two  or  three  control  units  you  must  have  now. 

Quantity  control  orders  produced  in  three  days  time.  Faster  if  neces¬ 
sary,  with  overnight  shipping  service  to  every  industrial  center. 


Ask  Us  To  Make  Specific  Recommendations.  Write 


GUARDIAN 

1625  West  Walnut  Street 


ELECTRIC 

Chicago,  Illinois 


Easter  Telecasts  Observed 
by  Weather  Observation  Staff 
at  Whitefaee  Mountain,  >«.  Y. 

In  one  of  the  longest  distance  tiL*- 
vision  relays  ever  reported,  the  staff  of 
the  weather  observation  station  at 
Whitefaee  Mountain,  4872-feet  high  in 
the  Adirondacks  and  250  airline  miles 
from  the  original  program  source,  suc¬ 
cessfully  picked  up  the  telecast  of  the 
Easter  Services  and  F'ifth  Avenue 
parade  telecast  from  the  N.B.C.  Em¬ 
pire  State  transmitter.  The  weather 
station  is  maintained  jointly  by  Rens¬ 
selaer  Polytechnic  Institute  and  New 
York  University.  The  reception  covered 
two  jumps.  120  miles  from  New  York 
to  the  G.  E.  station,  and  another  120 
miles  to  the  mountain  top.  Snowshoes 
and  tobopfrans  were  used  to  transport 
the  aerial  and  a  standard  table  model 
receiver  over  live  miles  to  the  weather 
station. 


Prol.  Corwin  of  R.  P.  I.,  K.  G. 
McCatlan,  weather  observer,  loseph 
Wiggin,  G.  E.  engineer.  Willard 
Cody,  chief  observer  and  Ken 
Williams,  cook,  view  the  Easter 
ceremonies  in  New  York 


Messrs.  Cody.  Wiggin,  and  Corwin 
erect  the  television  antenna  in  a 
77-mile  wind  atop  the  weather  ob¬ 
servation  station 
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Among  the  many  types  of  laminated  phenolic  sheet  supplied  for 
electrical  insulating  purposes  by  Formica,  is  one,  XPND33,  that  was 
developed  especially  to  provide  fast  easy  punching  for  production 
purposes  .  .  .  Intricate  shapes  can  be  punched  cold  from  this  material 
up  to  5,  64  in  thickness  with  a  clean  edge  and  a  minimum  of  surface 
cracking  between  the  holes.  Simple  shapes  may  be  punched  up  l/g  thick¬ 
ness  cold  .  .  .  The  workability  of  the  sheet  is  combined  with  insulating 
qualities  that  make  it  suitable  for  a  great  many  purposes.  With  it  you 
can  get  good  insulating  parts  at  lower  costs. 


ET,FCTR0MCS  — /4/)n7  1940 


THE  FORMICA  INSULATION  CO. 

4658  Spring  Grove  Avenue  •  Cincinnati,  Ohio 
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^Ite,  QUmGA. 

to  a  decade  of 
electrolytic  condenser 
progress 


Special  octal  base  desifmed  and 
made  by  AERO  VOX.  but  fits  the 
usual  standard  octal  socket. 


Nickel -plated  brass  proiuts  enaaRc 
with  similar  metal  socket  con¬ 
tacts. 


Junction  of  brass  prongs  and 
aluminum  studs  Imbedded  in 
molded  bakelite.  immune  to  cor¬ 
rosive  effects. 


Ill-purity  aluminum  tabs  from 
electrolytic  section,  bonded  to 
aluminum  studs  of  octal  base, 
for  corrosion-proof  aluminum-to- 
aluminum  joints. 


Hermetic  sealing  achieved  by  can 
edge  spun  over  soft  rubber  gasket 
and  bakelite  plug.  Vented  cover 
for  full  protection. 


Available  with  plain  foil  and 
etched  foil  of  highest  purity.  Two 
can  sites:  1%'  and  1-5/32*  dia. 
2H  to  4H*  high.  Single,  dual, 
triple,  and  quadruple  section 
units.  25  to  500  y.  D.C.W. 


viVMtERStlY; 


•  To  ELECTRONICS'  Tenth  Birthday  party,  we  bring  a 
brand  new,  startling,  far-reaching  contribution  to  the  radio 
and  allied  arts,  in  the  form  of  the  AEROVOX  Series  AP 
Plug-In  Electrolytic  Condenser. 

Developed  primarily  for  the  U.  S.  Signal  Corps,  and  for 
use  in  aircraft,  police  radio,  sound-system  and  other 
equipment  where  continuity  of  service  is  a  prime  requisite, 
this  idea  opens  up  untold  possibilities.  Readily  removed, 
tested,  replaced,  these  octal-base  condensers  handle  as 
easily  as  a  radio  tube  or  vibrator.  Assemblies  can  be 
equipped  with  fresh  plug-in  electrolytics  immediately  prior 
to  shipment  or  actual  use.  Users  can  have  "spares"  on 
hand. 

The  many  problems  encountered  in  providing  a  tight,  leak- 
proof,  hermetically-sealed  octal  base,  together  with  posi¬ 
tive  elimination  of  corrosion,  have  been  fully  solved.  A 
perfected,  practical,  brand  new  class  of  condenser,  is  now 
available  to  you. 

Ask  for  DATA  . . . 

Engineering  data  on  this  Series  AP  AEROVOX 
Plug-In  Electrolytic  Condenser  will  be  sent  on  re¬ 
quest.  Also  samples,  specifications,  quotations,  to 
responsible  parties. 


AEROVOX  CORPORATION 

New  Bed^Oftd,  MeUi. 

Soles  Offices  in  All  Principol  Cifies 


Tolevisioii  Equipiiieiil  in 
Traiispnrt  Plane  Relays 
Pieinres  to  NBC  Ainlienee 

On  March  (>,  a  notabli*  telcvi.'^ion 
broadcast  was  made  usiiij*  the  new 
portable  transmittintr  equipment  re¬ 
cently  develojied  by  liC.A.  Manufactur- 
injr  Company  in  Camden.  The  etpiip- 
ment,  includiiijr  two  icono.scope  cameras, 
all  synchronizintr  sifrnal  generation 
etiuipment,  and  a  transmitter  t)])- 
eratinjr  on  288  Me,  was  itistalled  in  a 
United  .\irlines  transport  plane,  and 
flown  over  New  York  City.  X  receiver 
relayed  the  288  Me  sijrnals  to  the 
N.B.C.  Empire  State  transmitter  which 
rebroadcast  the  projrram  to  the  New 
York  area  on  11-50  Me.  Another 
transport  jilane,  equijiped  with  a 
standard  television  receiver,  accom¬ 
panied  the  transmittinir  plane.  Ob¬ 
servers  in  the  second  plane  were  able 
to  view  the  i)lane  in  which  they  were 
flyin>r,  as  picked  up  by  the  cameras 
and  relayed  to  them. 

The  total  weijrht  of  the  equipim-nl 
includiiifr  cameras,  jrasoline  driven  iren- 
erator,  picture  transmitter  and  sound 
transmitter  and  all  auxiliaries  weijrhed 
1500  pounds.  The  picture  equipment 
itself  weifflis  5,50  jiounds  when  eipiipped 
with  one  camera  chain,  850  iiounds  with 
two  chains  and  1050  pounds  with  three 
chains,  less  the  weijfht  of  the  inter¬ 
connecting  cables.  The  television  camera 
cables  are  of  new  desijrn,  measur- 
inj*  only  an  inch  in  diameter  and  weij^h- 
iiij*  0.0  jiounds  per  foot.  However,  if 
loiifr  cables  are  used  (not  necessary  in 
the  plane  of  course),  the  weijrht  of  the 
cable  can  become  appreciable.  In  fact, 
if  three  cameras  are  used  with  500-foot 
cables  on  each,  the  wcijjht  of  the  cable 
exceeds  that  of  the  equipment.  The  r-f 
transmitter,  which  operates  in  the  fre¬ 
quency  ranpe  from  275  to  325  Me 
weighs  250  pounds,  and  has  a  peak 
power  of  from  25  to  35  watts,  depend- 
inf?  on  the  frequency  of  operation.  The 
transmission  duriiiK  the  flipht  occured 
on  288  Me  with  about  35  watts  peak 
output. 

The  television  sifrnal  equipment  itself 
is  mounted  in  seven  packinK  cases 
which  can  be  handled  by  one  or  two 
men.  In  fact,  for  simple  outside  broad¬ 
casts  it  is  possible  for  two  men  to  load 
all  the  necessary  equipment  into  a  sta¬ 
tion  wapon  and  cover  outside  broad¬ 
casts  without  further  help. 

The  pictures  in  the  airplane  demon¬ 
stration  were  picked  up  by  the  new 
small-size  iconoscope  cameras.  In  the 
main  the  received  images  were  cleai 
and  steady,  at  best  about  equal  in  qual¬ 
ity  to  the  images  produced  from  the 
mobile  unit  trucks  currently  used  for 
the  N.B.C.  outside  broadcasts.  Loss 
of  signal  as  the  body  of  the  plane  came 
between  the  transmitting  and  receiving 
antennas,  and  some  inteiference  from 
noise  and  diathermy  were  occasionally 
effective  in  blotting  out  the  picture, 
but  in  the  main  the  demonstration  was 
a  pronounced  success.  The  route  of 
the  plane  included  the  take-off  at  La- 
Guardia  airport,  a  flight  over  the 
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©I^MDT 


Engineered  for  Your  Needs 

()ur  appliiation  engineers,  with  specialized 
experience  in  resistance  control  for  all  types 
of  applications,  will  work  out  the  exact, 
most  economical  units  for  your  requirements. 
Just  put  your  prtthlem  up  to  Ohmite. 


Many  Stock  Units  for  Quick  Delivery 

^'ou’ll  find  our  extensive  range  of  stink  types 
and  sizes  a  great  convenience  in  obtaining 
economical  units  quickly.  W’e  maintain  the 
largest,  most  complete  stink  of  close-control 
Rheostats,  wire-wound  Resistors,  and  high 
current  Tap  Switches  in  the  world — avail¬ 
able  for  immediate  shipment. 


^'ou  get  many  constructional  advantages  in 
Ohmite  all-porcelain  vitreous-enameled  Re¬ 
sistors,  smiHith-action  close-control  Rheostats, 
compact  Power  Tap  Switches,  and  other 
Ohmite  units.  They’re  time-tested,  time- 


Trouble-Free  Performance 

There’s  extra  dependability  in  every  Ohmite 
product  to  insure  continuous,  trouble-free 
performance  on  the  toughest  jobs  in  every 
kind  of  climate  from  the  heat  and  humidity 
of  the  tropics  to  the  icy  cold  of  the  arctic. 


Prompt  and  Certain  Shipment 

^'ou  are  sure  of  prompt  production  and 
delivery  on  the  units  you  need.  Your  order 
is  acknowledged  with  a  definite  shipping 
date,  and  this  shipping  promise  is  faithfully 
kept. 


Write  for  Catalog  17  it  contains  handy  information  about 
Ohmite  Rheostats,  Resistors,  Tap  Switches,  R.  F.  Chokes  and 
Attenuators. 


OHMITE  MANUFACTURING 
4816  Flournoy  Street  ^ 


electronics 


World’s  Fair,  over  the  lower  Bronx  to 
the  Hudson  River,  the  George  Wash¬ 
ington  Bridge,  then  southward  to  the 
skyscrapers  in  lower  Manhattan,  in¬ 
cluding  the  Empire  State  building  from 
which  the  program  was  rehroadcast. 
Radio  City,  Central  Park  and  the 
Islands  in  New  York  Harbor  were  in¬ 
cluded  in  the  itinerary. 

Technically,  the  telecast  was  notable 
in  that  the  synchronization  signals  were 
derived  from  a  totally  isolated  power 
source,  a  light-weight  110-volt  genera¬ 
tor  developed  by  1).  W.  Onan  and  Sons. 
The  60  cps  output  of  this  generator 
was  fairly  stable,  but  far  from  syn¬ 
chronous  with  the  GO  cps  power  system 
on  the  ground.  Despite  this,  most  of 
the  receivers  held  in  synchronism 
steadily  throughout  the  broadcast.  The 
Empire  State  transmitter  was  used 
simply  as  a  relay  link,  using  the  signal 
from  the  plane  to  modulate  the  trans¬ 
mitter  output  directly  without  attemp¬ 
ting  to  tie  in  the  signal  with  the  local 
synchronizing  signals.  The  gasoline 
generator  has  frequency  stability  of 
plus  or  minus  one  cycle.  The  plane  used 
was  a  Boeing  Model  247-1)  u.sed  as  a 
“flight  research”  ship  by  United  Air¬ 
lines. 

The  portable  equipment  was  designed 
to  allow  outside  pick-ups  for  standard 
television  broadcasts  to  be  made  with 
smaller  crews  and  less  involved  pn‘par- 
ation  than  are  required  with  the  mobile 
unit  trucks.  The  new  equipment  has 
already  gone  into  service  in  the  N.B.C. 
telecasts. 


HEAR  YOl  KSELF  AS 
OTHERS  HEAR  YOU 


BLANKS,  FORMS,  DEEP  DRAWN  PARTS— 
Light  and  heavy  single  action  press  work — 
maximum  capacity  135  tons.  Light  four-slide 
stampings.  Light  and  medium  extra  deep 
drawn  stampings. 


TOOLS,  DIES  AND  JISS — made  in  our  own 
plant  by  expert  tool  makers. 

DESIGN — ^the  most  economical  stampings 
are  designed  to  meet  each  customer's  re¬ 
quirements.  Close  tolerances  are  held.  Un¬ 
usual  stampings  are  our  specialty. 

EXPERIENCE — covers  thirty-five  years  in 
the  production  of  stampings  including  the 
manufacturing  of  the  Hunter  Grease  and 
Oil  Cups — a  pressed  steel  product  involving 
intricate  problems  of  deep  drawn  work. 
Many  of  the  largest  and  best  known  users 
of  high  grade  stampings  have  long  been 
our  customers. 


MATERIAL— all  metals  .004"  to  .250"  thick- 
ness.  Maximum  blank  size  15"  x  15"  x  l/g". 


SHORT  RUN  STAMPINGS  —  Eliminate 
higher  cost  of  permanent  dies  when  only 
small  lots  of  metal  stampings  are  required. 
Especially  helpful  in  development  of  models 
and  experimental  work,  design  changes,  etc. 


The  Voice-O-Graph,  being  demon- 
atrated  recently  at  a  coin  machine 
show  in  Chicago.  The  machine  ia 
an  automatic  voice  recorder  at¬ 
tached  to  a  coin-operated  record 
player.  The  machine  may  be 
awitched  ao  that  the  liatener  can 
hear  the  reproduced  voice  either 
through  the  ear  phone,  aa  ahown,  or 
through  a  loud  apeaker 
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LIVE 

Jackson 
Soldering  Pencils 

^NOlITEr 

.  .Laminated  BAKELITE 


NATIONAL  RESEARCH  CREATES  NEW  PRODUCTS  «  NEW 


JA(>KS()N  Electro  Corporation  of 
Brooklyn,  N.  Y.  were  having  difficulty 
with  the  performance  of  their 
soldering  pencils.  This  was  due  to  the 
brittleness  and  heat  transfering  qualities 
of  the  pt)rcelain  bushing  used  to  insulate 
the  wooden  handle  of  the  soldering 
pencil  from  the  hot  metallic  element. 

The  porcelain  bushing  would 
break  .  .  .  the  handle  would  char, 

quickly  resulting  in  an  unusable  article. 
National  engineers  recommended  the 
use  of  asbestos  base  (heat  resisting) 
"Phenolite”  laminated  bakelite  to 


replace  the  porcelain  bushings.  The 
result:  practically  indefinite  product  life 
.  .  .  widely  increased  sales. 

\X"hether  it  is  a  tiny  bushing 
or  a  large  heavy  duty  gear,  or  one  of  a 
thousand  products,  Phenolite  is  con¬ 
stantly  demonstrating  its  ability  to  with¬ 
stand  the  kind  of  punishment  other 
materials  can’t  take.  And  National 
engineers  are  demonstrating  also  their 
ability  to  work  with  industry  in  the 
manufacture  of  better  products  through 
the  use  of  Phenolite  and  National 
Vulcanized  Fibre.  Vi’e  invite  your  inquiry. 


NATIONAL  VULCANIZED  FIBRE  COMPANY 

9henoijt^ 

lur 


NATIONAI. 

vul^CAMlxmn 

FIBB.E 


FOUN06D 

WILMINGTON  mR  DELAWARE 

rfMs*  NATIONAL  Products  havm  a  CoshCutting  Application  in  your 
Hold.  Wn  canmako  it  naty  for  you  to  sninci  Ihn  right  product  and  gradn. 


lUminated  BAKEUTE 
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ceiver  merchandisiiiK  since  the  early 
$300  superheterodynes. 

Copies  of  Major  Armstrong’s 
patent-license  agreements  with 
broadcast  stations  transmitter  manu¬ 
facturers  and  receiver  manufac¬ 
turers  were  offered  for  the  record. 
It  was  revealed  that  a  down  payment 
of  about  $25,000  was  required  of  a 
manufacturer,  but  that  this  payment 
was  refunded  if  the  manufacturer 
agreed  to  spend  it  in  research.  Thus 
far  every  manufacturer  has  taken 
advantage  of  this  arrangement,  and 
only  license  fees  have  been  collected. 
Licenses  to  transmitter  manufac¬ 
turers  are  three  in  number:  General 
Electric,  Western  Electric  and  Radio 
Engineering  Laboratories.  The  re¬ 
ceiver  manufacturers  licensed,  ten 
in  all,  are:  General  Electric,  Halli- 
crafters,  Hammarlund,  National  Co., 
Pilot,  R.  E.  L.,  Scott  Laboratories, 
Stewart-Warner,  Stromberg-Carlson 
and  Zenith.  Major  Armstrong  also 
testified  to  the  amounts  he  had  re¬ 
ceived  from  the  .sales  of  his  previous 
inventions.  The  superheterodyne  and 
regenerative  patents  were  sold  in 
one  sale  for  $330,000;  the  superre- 
generative  circuit  for  $425,000.  The 
cost  incurred  by  Armstrong  in  de¬ 
veloping  frequency  modulation  to 
date  was  given  as  “between  $700,000 
and  $800,000”. 


BROADCASTERS  GET  READY 


Why  experiment  with  unproven  tubes?  Practically  every 
Broadcast  station  now  on  the  air  with  FM  uses  Eimac  tubes 


Here’s  We  line 


EIMAC  250T 


In  service  now  on  Frequency  Modulation. 
Eimac  250T  has  proven  itself  to  be  ideal  for 
all  communication  and  relay  services  as  well 
as  broadcast.  Recommended  for  250  to  500 
watt  stations. 


In  service  now  on  Frequency  Modulation. 
This  tube  will  be  most  popular  for  FM  broad¬ 
casters  because  it  operates  very  efficiently  on 
1 KW  power  level.  Recommended  for  1 KW 
stations. 


John  Shepard  Testifies  for  F-M 
Broadcasters 

The  first  witness  for  F-M  Broad¬ 
casters,  Inc.  was  its  president  John 
Shepard,  III,  of  the  Yankee  Net¬ 
work.  He  stated  that  some  55  of 
tho.se  broadcasters  who  have  licenses, 
construction  permits,  or  applications 
for  f-m  permits  comprise  the  mem¬ 
bership  of  the  as.sociation,  and  that 
membership  is  open  to  any  such 
broadcaster.  Mr.  Shepard  presented 
eleven  resolutions  for  the  member¬ 
ship  of  the  association,  ratified  by  it 
on  March  17th,  just  before  the  hear¬ 
ing  opened.  The  resolutions  are  as 
follows; 

I :  The  granting  of  regular  licenses 
for  fm  instead  of  experimental  li¬ 
censes  be  requested. 

II:  The  Ck)mmission  be  requested 
to  raise  the  power  limitation  on  f-m 
transmitters  from  1  kw  to  50  kw. 


1500Tand2000T 


In  service  now  on  Frequency  Modulation. 
The  answer  for  higher  power  broadcast 
services,  providing  maximum  power  and 
efficiency  for  2KW  to  lOKW  stations.  All  of 
these  Eimac  tubes  are  in  actual  service  in  FM 
transmitters  today.  Don’t  experiment  with 
untried  tubes  . . .  when  you  install  your  new 
FM  transmitter  insist  on 


For  further  information  write  to 
Eitel-McCullough,  Inc.,  San  Bruno,California 


ELECTRONICS 


i-E  N  Z  P>iieie4iU 

NEW  attd  IMPROVED 

tAL  LIGHT  SOCKET 


Tensile  strength  of  leads  and 
connections  far  in  excess  of 
requirements. 


Voltage  Breakdown  between 
contacts — 1200  Volts. 
Voltage  Breakdown  to  ground  — 
5000  Volts. 


Center  contact  mounted  so  that 
it  cannot  protrude  from  shell 
and  short  on  chassis  when  lamp 
is  removed. 


Bakelite  Shell  is  recessed  for 
contacts,  which  cannot  be  push¬ 
ed  or  pulled  out  of  position. 


Heavy  wall  Bakelite  Shell. 


Brackets  on  grounded  type 
socket  welded  to  shell  prevent¬ 
ing  interference  due  to  vibration. 


A  variety  of  different  mounting 
bracket  styles  available,  suitable 
for  practically  any  mounting. 


Lug  on  contact  fits  in  groove  in 
shell  so  that  contact  cannot  be 
turned  or  twisted  when  inserting 
lamp. 


•  Complete  Wire  and  Socket 
Assembly  Accepted  in  Radio 
Receivers  listed  by  Under¬ 
writers  Laboratories. 


The  superiority  of  the  new  Lenz  Dial  Light  Socket,  both  electri¬ 
cally  and  mechanically  is  apparent  with  even  the  most  casual 
inspection. 

But  even  with  its  obvious  superiority  the  use  of  the  New  Lenz 
Dial  Light  Socket  will  not  add  to  the  cost  of  your  radio  chassis. 
Samples  will  be  gladly  submitted  upon  receipt  of  specifications. 
Lenz  Dial  Light  Sockets  are  made  in  both  the  two  wire  insulated 
type  with  bakelite  shell  and  the  single  wire  grounded  type  with 
metal  shelL 

LENZ  ELECTRIC 
MANUFACTURING  CO. 

1751  N.  Western  Ave.,  Chicago,  Illinois 


ENJOYING  ITS  35TH  YEAR  OF  SUCCESSFUL  BUSINESS 
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Ill :  That  a  minimum  separation  of 
200  ke  between  adjacent  f-m  channels 
is,  in  our  Jud^^ment,  essential  in  order 
t<»  accommodate  facsimile  by  multi¬ 
plex  transmission  and  because  of  the 
fact  that  narrow  band  transmission 
may  be  carried  on  within  such  chan¬ 
nels. 

IV':  That  more  than  5  adjacent 
channels  for  frequency  modulation 
are  e.s.sential. 

V’:  The  41  to  44  Me  band  should  be 
allocated  to  stations  usin^  f-m  trans¬ 
mission.  h'acsimile  broadcasting’’ 
should  use  f-m  and  these  fre(iuencies 
should  be  coordinated  with  sound 
broadcastinjr.  Due  consideration 
should  be  jriven  to  educational  and 
facsimile  transmission. 

V’l:  It  is  recommended  that  the  2r> 
mejjfacycle  band,  now  assigned  to  fm 
be  allocated  to  other  services. 

V'll:  That  in  our  judgment  15 
megacycle  band,  now  assijrned  to  fm. 
the  needs  of  fm  and  immediate  pro¬ 
vision  should  be  made  which  will  in¬ 
sure  the  availability  of  additional 
channels  in  the  near  future  and  that 
from  the  point  of  view  of  the  re¬ 
ceiver  desijrn,  the  additional  chan¬ 
nels  should  be  as  nearly  adjacent  to 
the  band  41  to  44  me^mcycles  as  pos¬ 
sible,  insofar  as  this  can  be  accom¬ 
plished  without  undue  injury  to  other 
services. 

V’lll:  We  recommend  to  the  Com¬ 
mission  .separation  distances  for  sta¬ 
tions  o  t  the  same  channels  and  on 
adjacent  channels  for  varying'’  powei 

IX;  That  we  request  the  Commis¬ 
sion  to  set  an  established  policy  of 
permittin^^  re-broadcasts  betweeti 
stations,  subject  only  to  permission 
!  of  orivrinatinK  stations  as  is  the  rule 
I  in  the  regular  broadcast  band. 

X  :  That  we  recpiest  the  Commis- 
svon  to  set  an  established  policy  of 
permittinjj  relay  stations  on  fm. 

XI :  Provision  be  made  in  the  f-rii 
band  .so  as  not  to  exclude  educational 
and  facsimile  transmission  from  th'' 
band,  the  latter  either  on  multiph  v 
or  simplex  transmission. 

Followinjr  Mr.  Shepard,  Dr.  G.  W . 
Pickard,  consulting  engineer  for  tlu* 
Yankee  Network,  testified  as  a  wit¬ 
ness  for  F-M  Broadcasters,  Inc.  Dr. 
Pickard  recounted  a  series  of  field 
tests  made  to  determine  the  si^n  d 
strengths  and  noi.se  in  the  areas  sur¬ 
rounding  the  Paxton  and  Alpine  f-rti 
stations.  The  results  of  this  survey 
were  given  in  evidence.  In  general 
they  proved  the  contentions  pre- 


THE  amount  of  power  a  tube  will 
handle  depends  largely  on  the  abil¬ 
ity  of  the  anode  to  dissipate  the 
heat  of  operation 


Graphite  has  higher  radiating  emissivity 
and  higher  thermal  conductivity  than 
any  other  commonly  used  anode  material 
— therefore,  will  radiate  a  greater  amount 
of  heat  from  a  given  area. 

For  use  as  oscillators,  amplifiers,  dou¬ 
blers,  modulators  and  rectifiers,  choose 
tubes  that  have  SPEER  Graphite  Anodes 
—99.9%  pure  electro -graphite.  SPEER 
Processed  Graphite  Anodes  have  highest 
thermal  emissivity,  improved  degassing 
qualities,  avoid  leakage  and  leakage 
trouble.  List  of  manufacturers  of  tubes 
with  SPEER  Graphite  Anodes,  and  book¬ 
let  containing  complete  data  on  request. 


PROPERTIES  OF  SPEER  GRAPHITE  ANODES 


THERMAL  CONDUCTIVITY  1.92 

RADIATION  EMISSIVITY  (%  Emissivity  -  Black  Body  -  100%)  95%  at  750°  C 

RELATIVE  HEAT  DISSIPATING  VALUE  at  510°  C. 

Graphite  1 .00  Molybdenum  0.24  Nickel  No.  I  0.025 

Tungsten  0.30  Tantalum  0.22  Nickel  No.  2  0.001 

LINEAR  COEFFICIENT  OF  EXPANSION 
.9  to  2.8  X  10  *  per  °C.  (20°— 700°  C.) 

MELTING  POINT — NONE.  Will  not  soften,  warp,  fuse  or  flow. 

Carbon  sublimes  without  melting  at  3500°  C. 


SPEER  CARBON  CO 

ST.  MARYS,  PA. 


NEW  YORK 
CHICAGO 


MILWAUKEE 

DETROIT 


PinSBURGH 

CLEVELAND 
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^  there 


Weston  Imtmments 


ai  TO 
EOACl 


Here  are  just  five  of  them.  Weston 
makes  many  more.  Each  designed 
to  meet  some  particular  measurement 
problem  .  .  .  make  test  procedure  sim¬ 
ple  .  .  .  less  time-consuming  .  .  .  more 
efficient.  Remember  this  whenever  you 
are  faced  with  some  new  or  unusual 
measurement  problem.  Better  yet  .  .  . 
investigate  these  Weston  instruments 
now  .  .  .  for  chances  are  that  one  or 
more  will  exactly  meet  your  present 
needs.  Consult  the  Weston  represen¬ 
tative  in  your  vicinity,  or  write  Weston 
Electrical  Instrument  Corporation  ,618 
Frelinghuysen  Avenue,  Newark,  N.  J. 


UHra  Hitiii  FrtqMMy  OscMator— for  cb«cking«nd 
tnting  all  typea  of  communication  equipment 
and  carrier  current  tyatems  operating  in  the 
high  frequency  banda.  Haa  fundamental  fre¬ 
quency  coverage  from  22  to  150  megacyclea. 
Teata  can  be  made  with  or  without  direct  wire 
connection.  Employe  continuoualy  variable  in¬ 
ductive  tuning,  which  providea  high  order  of 
atability  and  reaetability  over  entire  range. 
Extremely  portable,  meaauring  only  8*  z  8" 
X  1 1*— aelf  contained  power  aupply. 


AC  ClaBq»>Amipeter—  a  real  time  aaver. 
Simply  hook  the  Jaara  around  the 
conductor  arhile  machinery  ia  run¬ 
ning,  and  take  the  ctirrent  reading. 
No  production  interruptiona  aa  cir- 
cuita  are  never  diaturbed.  Rugged 
conatruction,  with  high  inaulation. 
Six  current  rangea  anawer  all  main¬ 
tenance  needa. 


haa  double  range  of  600  and  300 
volta  arith  puah  button  aaritch  for 
range  aele<rion  —  aanaitivity  1000 
ohma-im-volt.  Caae  made  of  aturdy 
Bakelite  with  rotatable  metal 
‘"over  to  protect  inatrument  from 
rough  handling.  Haa  heavily  inau- 
lated  rubber  covered  ieada  and  rub¬ 
ber  aleeved  teat  clipa.  Ideal  for 
inatalla'tion  and  maintenance  teat- 
■ng  of  power  and  lighting  circuita. 


Pecket-aixe  Dry  iattery  Teater— Measurea  “cut¬ 
off”  voltagea  under  proper  load  conditiona. 
Ideal  for  checking  dry  batteriea  uaed  in  manu¬ 
facturing  or  induatrial  control  circuita.  Rangea 
for  teating  batteriea  of  following  voltagea  .  . . 
1.5-4.5-6-7.5-45  and  90  volta. 


ladaitfial  Circvit  Taaler—  providea  new  convenience 
in  tearing  aignal,  control  nnd  electronic  circuita. 
Haa  27  voltage,  current  and  reaiatance  rangea. 
High  aenaitivity  for  teating  photo-cell,  vacuum 
tuba  and  relay  circuita,  and  other  plant  main¬ 
tenance  and  production  requirementa. 
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PRESTO  offers  a  new 

Dual  Turntable  Transcription  Recorder 

complete  in  a  single  unit 


This  new,  moderately  priced 
Presto  Model  F  recorder 
makes  the  perfect  installation 
for  broadcasting  stations,  col¬ 
leges,  advertising  agencies  and 
personal  recording  studios.  It 
records  continuously,  without  in¬ 
terruption,  on  records  up  to  the 
\7\''  master  size  and  also  re¬ 
records  from  one  record  to 
another.  The  quality  of  the  re¬ 
cordings  made  on  the  model  F 
recorder  makes  them  suitable 
for  use  by  any  broadcasting 
station. 

NOTE  THESE  OPERATING  CON¬ 
VENIENCES: 

•  The  exclusive  Presto  rubber- rimmed 
turntable  driven  directly  by  a  steel  pulley 
on  the  motor  shaft,  a  drive  system  that 
eliminates  idler  wheels,  belts,  gears  and 
other  parts  subject  to  rapid  wear.  Speed 
shift-lever  changes  instantly  from  78  to 
33-1/3  R.P.M. 

•  Tables  are  equipped  with  the  Presto 


1-C  high  fidelity  cutting  head  which  re¬ 
cords  uniformly  a  range  from  50  to  8000 
cycles  and  completely  modulates  the 
groove  at  a  pitch  of  112  lines  per  inch. 

•  A  vertical  damper  eliminates  vertical 
modulation  in  the  groove  and  prevents 
rapid  changes  in  groove  depth  due  to  sur¬ 
face  irregularities  in  the  disc. 

•  A  time  scale  on  the  cutting  arm  shows 
the  correct  starting  point  for  all  sizes  of 
discs  and  elapsed  recording  time  at  both 
78  to  33-1/3  R.P.M. 

•  Amplifier  gain  125  DB,  output  10  watts. 
Amplifier  controls  include  a  two  micro¬ 
phone  mixer,  playback  gain  control,  com¬ 
bination  control  which  increases  the  high 
frequency  response  for  33-1/3  R.P.M. 
recording  and  attenuates  the  high  fre¬ 
quencies  when  playing  commercial  rec¬ 
ords,  low  frequency  equalizer  and  a 
switch  for  changing  instantaneously  be¬ 
tween  cutters  for  continuous  recording 
or  rerecording. 

•  The  complete  equipment  mounts  in  a 
wood  table  (Length,  67" — Depth,  21" — 
Height,  49")  attractively  finished  in  two 
tones  of  gray  with  silver  trim.  Height 
of  turntable  above  floor  level,  32". 

For  descriptive  folder  and  price  quota¬ 
tions,  write: 


viously  made,  i.e.  that  noise  i.s  jfreatly 
reduced,  that  extremely  minute  sig¬ 
nal  strengths  suffice  to  ^ive  .satis¬ 
factory  service  ( Dr.  Pickard  men¬ 
tioned  the  figure  of  10  microvolts 
beinjr  entirely  satisfactory  in  (luiet 
locations  if  the  receiver  sensitivity 
were  hijrh  enou^rh  to  cause  proper 
limiter  action  at  such  an  input  volt¬ 
age),  and  that  the  service  ranjre 
under  these  conditions  was  consider¬ 
ably  better  than  that  of  standard 
amplitude  modulation  stations  of 
ecpiivalent  pt)wer. 

Messrs.  Martino  of  WTIC  and 
Noble  of  the  University  of  Connecti¬ 
cut,  followed  with  testimony  concern- 
1  in>r  the  f-m  receivers  installed  in 
their  respective  homes,  reporting 
hi^h  quality  and  freedom  from  noise 
compared  with*  a-m  transmissions 
I  from  more  powerful  and  less  distant 
stations.  Me.ssrs.  Gellerup  of  WTM.1 
and  Si.se  of  the  Yankee  network  of- 
'  fered  complete  reports  showing  con¬ 
tinuous  field  strength  measurements 
in  territory  surrounding  their  re¬ 
spective  f-m  transmitters,  which 
were  accepted  in  the  record  by  the 
Commission.  Mr.  Gellerup’s  report 
I  showed  a  curve  (average  over  9 
radial  measurements)  of  field 
strength  vs  distance  for  a  1000-watt 
f-m  transmitter  with  half-wave  ver¬ 
tical  dipole  357  feet  above  ground. 
The  field  strenjrths  varied  from  500 
microvolts  per  meter  at  10  miles  to 
10  microvolts  per  meter  at  .39  miles, 
i  The  field  intensity  contours  were 
rouffhly  circular  about  the  trans¬ 
mitter  location  at  Milwaukee. 

The  final  witness  during  the  first 
week  of  testimony  was  Maurice  Levy 
of  Stromberp-Carlson,  al.so  testify¬ 
ing  for  F-M  Broadcasters,  Inc.  He 
de.scribed  the  construction  of  three 
f-m  receivers  in  the  Stromber^r- 
Carlson  laboratories,  to  test  the  rela- 
;  tive  advantages  of  frequency  .swin^'^ 

'  at  30,  60,  120  and  150  kc.  The  result.^ 

,  showed  little  if  any  difference  in  fre- 
'  quency  response  or  harmonic  distor¬ 
tion,  but  very  considerable  differ¬ 
ences  in  sipnal-to-noise  ratio  and  ir 
I  the  ease  of  tuning  the  receivers.  Tht 
I  report  favored  the  150  kc  swing 
I  being  the  most  desirable,  stating 
j  that  with  a  wide-open  audio  system 
only  the  wide  swing  would  give  sutt: 
cient  freedom  from  noise  to  avoiu 
objectionable  tube  hiss,  etc.  The 
need  for  drift-free  oscillators  was 
emphasized  as  an  important  prob¬ 
lem  if  easy  tuning  was  to  be  offered 
the  public. 


RECORDING 

242  West  55th  St. 


CORPORATION 

New  York,  N.  Y. 
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RCA  Agrees  FM  Should  (let 
“Greett  Light" 

The  hi^hlijrht  of  the  second  week 
of  the  hearing  was  the  testimony  of 
witnesses  for  the  Radio  Corporation 
of  America  and  its  subsidiaries. 
Cross-examination  of  the  earlier  wit¬ 
nesses  by  the  RCA  counsel  had  led 
observers  to  expect  stiff  opposition 
on  the  part  of  RCA.  Instead.  Chief 
Counsel  VV’ozencraft  on  March  27th 
announced  that  it  was  the  opinion  of 
his  company  that  frequency  modula¬ 
tion  should  be  >riven  the  “}r>*een 
litrht”,  and  that  it  be  permitted  to 
operate  on  a  commercial  basis  as  a 
supplement  to  the  standard  broad¬ 
cast  service.  Mr.  Wozencraft  pointed 
out  however  that  .service  to  rural  and 
small-town  regions  must  always  be 
provided  by  methods  now  used  in 
standard  broadcastinjr. 

The  question  of  the  competition 
between  frequency  modulation  and 
television  for  ether  space  then  took 
the  center  of  interest.  Rejrardin^' 
the  propo.sal  that  television  channel 
number  1  (44-50  Me)  be  turned  over 
to  frequency  modulation,  Mr.  Wozen¬ 
craft  su^^ested  that  it  should  be  one 
of  the  other  channels,  since  that  chan¬ 
nel  is  now  in  regular  use.  If  the  chan¬ 
nel  were  assijrned  to  f-m  uses,  it  was 
propo.sed  that  exceptions  be  made  in 
the  allocation  for  cities  where  the 
television  channel  is  now  in  use.  Re- 
^ardin^  the  desirable  bandwidth,  the 
RCA  engineers  granted  that  the 
wider  the  band  the  better  the  sijrnal- 
to-noise  ratio,  but  urtred  that  the 
proper  compromise  between  desired 
sijfnal-to-noise  performance  and  the 
number  of  available  channels  miirht 
be  made  equitably  on  a  narrower 
band  than  that  su^^ested  by  Major 
Armstrong. — D.G.F. 


lAapid  as  has  been  the  development  of  the 
Electronic  Industry,  FERRANTI  PRODUCTS 
have  kept  pace  with  its  demands  ....  until 
today  this  outstanding  organization  has  right¬ 
fully  taken  its  place  as  one  of  the  chief  factors 
in  the  progress  made  in  this  field. 

Ferranti  prestige  is  founded  upon  Ferranti 
Quality — a  standard  that  has  never  been  ex¬ 
celled. 


•  FERRANTI  PRODUCTS  • 

POWER  TRANSFORMERS  •  ALTO  TRANSFORMERS 
AL  DiO  TRANSFORMERS  •  REACTORS  •  MNDCCTORS 
RECTMFMERS  •  POWER  SLPPLiERS  •  AMPLMFMERS 
HiGH  Q  COMES  •  EAMADMNG  COMES  •  CHOKE  COMES 
REPEATERS  •  FMLTERS  •  RAND  PASS  FMLTERS 
RAND  RESECTMON  FMLTERS  •  MNSTRIJMENTS 


TELEVISION  ANTENNA 


ELECTRIC 


Half-cubic  antenna  used  lor  picture 
transmission  ot  the  General  Electric 
television  station  erected  on  Helder- 
berq  Mountain  in  New  York  State 


ELECTRONK  S 


FM 


TRANSMinERS 

Arinstrong  System 


WAT,  AcCfSSIBI 

Stance  tells  you  that,  o 

««-'vatt  P.M 

more  tell  r 

'-hen  yo,  ,  '■ 

-lienee. 

^sree  to  go  Q-E. 

the  nearest  G-E  «  i 
to  Genera,  « 

Television  Dep.  .  . 


ELECTRIC 


TUBES 


Methods  for  measuring  r-f  distortion  in 
pentodes  are  presented  together  with  the 
tube  registry  list  for  February  1940  and 
the  last  quarter  of  1938 


Change  in  modulation  ratio 

=  m\  C  l  —  3^  mi*)  — -  -  Ai*  (1) 

Ratio  of  2nd  harmonic  in 
en\’plope  to  fundamental 

=  \h  w*i  “  (2) 

f/-.. 


Ratio  of  ‘Ird  harmonic  in 
envelope  to  fundamental 


=  3*j  w»i®  -  -  -  Ai- 
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Simple  Methods  for  Clieekiiij; 
R-F  Distortion  or  Cross- 
Modulation  of  Pentode 
Amplifier  Tubes 

By  E.  W.  Herold 

JtCA  Manufacturing  Co.,  Jnc. 

It  has  been  known  for  many  years 
that  the  tubes  used  for  radio  frequency 
and  intermediate-frequency  amplifica¬ 
tion  cause  distortion  of  a  modulated 
wave  and  cross-modulation  between  two 
modulated  waves.*  Although  the  theory 
is  well  understood,  measured  data  on 
the  performance  of  existing  tubes  in 
this  respect  have  not  often  been  pub¬ 
lished,  at  least  in  the  United  States. 
One  reason  for  this  is  that  the  data  are 
not  so  easy  to  obtain  as  the  normal 
static  characteristics  of  plate  current, 
transconductance,  etc.  The  purpose  of 
the  present  note  is  to  outline  two  simple 
methods  used  by  the  writer  for  deter¬ 
mining  modulation-envelope  distortion 
and  cross-modulation  of  screen-grid 
amplifier  tubes.  The  only  major  equip¬ 
ment  necessary  is  an  accurate  transcon¬ 
ductance  bridge  with  a  sharply  tuned 
balance  indicator.  Such  equipment  is 
usually  available  in  most  laboratories 
connected  with  the  use  or  manufacture 
of  tubes. 

The  methods  to  be  described  give  an 
approximation  to  the  exact  result  which 
is  usually  sufficiently  close  for  practical 
purposes.  It  is  easily  shown  that  for 
small  distortions,  the  distortion  with  a 
given  signal  is  directly  proportional  to 
the  incremental  change  in  tube  trans¬ 
conductance  as  the  signal  is  changed 
from  an  infinitesimal  value  to  the  given 
signal  value.  Thus  by  measurement  of 
the  increment  of  transconductance  when 
a  large  grid  swing  is  present,  a  meas¬ 
ure  of  the  r-f  distortion  and  cross¬ 
modulation  is  obtained.  The.  approxi¬ 
mate  nature  of  the  result  is  due  to  the 
neglect  of  the  effect  of  derivatives,  of 
higher  order  than  the  third,  of  plate 
current  with  respect  to  grid  voltage. 
For  small  distortions  the  approxima¬ 
tion  is  justified.  Plate  circuit  distortion 
is  not  measured  by  the  methods  to  be 
described,  but  this  form  of  distortion 
is  not  usually  of  importance  in  screen- 
grid  pentodes. 


Theory 

The  plate  current  of  a  screen-grid 
tube  may  be  expressed  as  a  power 
series. 


ifc  —  /»«  gm.  e,  -|- 


1  «='‘1,2  .  ±i!L‘L. 

2!  '  ^  :i! 


where  the  subscript  o  indicates  values 
taken  at  the  operating  point,  e,  is  the 
grid  voltage  and  c,  its  alternating  part. 
If  a  desired  modulated  wave  of  carrier 
amplitude  E,  and  modulation  ratio  w,, 
ie,  a  wave  of  value 


A"!  (1  -)-  nil  sin  pt)  sin  coi  I, 

is  applied  to  the  grid,  it  is  readily 
shown  that  the  output  will  be  a  modu¬ 
lated  wave  with  a  slightly  different  per¬ 
centage  of  modulation  and  with  second 
and  third  (and  higher)  harmonics  of 
the  p  frequency  present  in  the  modula¬ 
tion  envelope.  Neglecting  the  higher 
order  terms  in  the  power  series,  be¬ 
cause  they  are  usually  small,  we  find 
that,  for  the  output. 


If  an  additional  (and,  presumably,  an 
undesired)  modulated  carrier  is  im¬ 
pressed  on  the  grid  of  the  form 


A2  (1  4-  Wi  sin  qt)  sin  wj  t 

it  will  be  found  that  the  first  carrier,  of 
angular  frequency  a>,_  will  be  modulated 
by  the  q  frequency  to  a  ratio 


Cro.ss-iiiodulation  ratio 


=  ’  2 


9m. 


(U 


These  four  factors  are  the  important 
ones  in  the  distortion  analysis.  All  are 
seen  to  depend  on  the  ratio  of  third  to 
first  derivative  of  plate  current  end  on 
the  square  of  the  voltage.  If  an  alter¬ 
nating  grid  voltage  (approximately  a 
sine  wave)  is  applied  to  a  tube,  as  in 
a  tran.sconductance  bridge,  it  is  easily 


Distortion  curves  for  tube  type  6K7  by  a  method  described  here. 
In  the  top  curve  the  screen  voltage  was  constant  at  100  v  and  in  the 
lower  curve  the  screen  voltage  was  250  v  applied  through  90000 
ohms.  The  other  electrode  voltages  were;  Ef  =  6.3;  E,  =  250;  Ecs  =  0 
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ISOUINTITE  INSVLaTORS 
WITHSTAND  EXTREME  l//SRATfON 


CERAMIC  INSULATORS 

ISOLANTITE  INC.  FACTORY:  BELLEVILLE,  NEW  JERSEY 
SALES  OFFICE:  2  3  3  BROADWAY,  NEW  YORK,  N.  Y. 


Strenuous  Laboratory  Tests 
Show  Isolantite's  indiUerence  to  lolts. 

Jars  and  Jitters 


*Rrgittrred  trade- name  for  the  products  of  Isolantite  Inc. 


The  shocks  of  had  landings  and  the  humps  of 
rough  roads  are  all  in  a  day’s  work  for  radio 
equipment  designed  for  today’s  needs.  And  effi¬ 
cient,  trouble-free  service  under  the  extremes  of 
operating  conditions  are  "musts.” 

To  insure  rigid  adherence  to  these  standards  in 
both  design  and  materials,  complete  radio  appara¬ 
tus  is  given  severe  "shake-down”  treatment  at 
General  Electric’s  Radio  Engineering  Laboratories. 
On  the  formidable  vibration  table  illustrated  here 
the  "daylights”  are  shaken  out  of  radio  assemblies 
to  learn  what  gives  way  first  and  why. 

Among  the  parts  which  prove  they  can  take  more 
punishment  than  ever  would  be  anticipated  in  actual 
use  are  Isolantite*  Insulators.  For  Isolantite  pos¬ 
sesses  great  structural  strength  which  assures  me¬ 
chanical  protection  against  the  shocks  and  stresses 
of  actual  use,  and  permits  small,  compact  Insulator 
design  with  thin,  weight-  and  space-saving  cross- 
sections. 

Idectrically,  too,  Isolantite  is  extremely  efficient 
because  of  its  low  loss  properties  at  high  frequen¬ 
cies.  Impervious  to  the  effects  of  moisture  and  tem¬ 
perature,  it  assures  stability  under  all  conditions 
that  may  be  encountered  in  service. 

Isolantite  is  readily  adaptable  to  new  forms.  Spe¬ 
cial  parts  —  as  well  as  standard  insulators  —  are 
economically  manufactured.  If  you  are  planning 
apparatus  that  may  benefit  from  new  insulator  de¬ 
signs,  call  on  Isolantite’s  engineers.  Their  special¬ 
ized  knowledge  of  the  industries  that  Isolantite 
serves  will  enable  them  to  suggest  an  answer  to  your 
present  needs  and  anticipate  your  future  require¬ 
ments. 


X  Marks  the  spot  on  this  merciless  Vibration 
Table  where,  in  completed  radio  assemblies, 
Isolantite  Insulators  show  that  they  can 
take  more  physical  punishment  than  will 
be  encountered  in  extreme  military  and 
civil  flying  conditions. 


THE 

NEXT  TEN  YEARS 

Certainly  the  past  ten  years  have  been  remarkable 
and  tar-reaching  advances  in  electronics  and  in  radio 

engineering.  And  Isolantite  is  proud  to  have  been 

.  associated  with  this  progress ;  glad  to  have  been  a 

contributor  to  the  development  of  better,  more  effi- 

1  cient  insulating  equipment  and  materials  dunng  the 

past  decade.  We  are  confident,  too,  that  the  next 
^  ten  years  will  see  still  further  increases  in  the  value 

of  our  services  and  products  to  these  branches  of 
the  electrical  industry. 

lul  form  it  i«  prat'ticalU  iii\ i-ililr.  Iruii-iiiillini: 
a  III  all  ix'rrciitaa*'  of  lialit-  In  truii'liKi-iil  i-olor- 
it!«  clarity  pixcit  iiiiiiMial  cfTcrt-. 

It  •dg«-light»  for  illiiiiiiiiati'il  iliaU  ami  iiii- 
iiicraU  (uitlioiit  al^rr),  \iitoiiioti« e  ami  railio 
ii-x-H  are  iiirrcaxiiig  <-oii->taiitl>  . 

It't  tof*  —  liccaii^r  it’«  toiiali  ami  iirartirally 
iiiiliri-akalilr.  Never  any  xharii,  jaaaeil  eilae- 
or  fraanient'*. 

It't  strong  h  itii  teiiHileiitrenath  T.(NM)  to  Kl.lMIO 
III'.  |wr  Ml),  in.  ami  flexural  utrenatli  lO.tMMI  to 
IJ.IMMI  111'.  |M‘r  'ij.  in. 

It's  woothar  rosistont  —  otalile  in  elarit>  ami 
I'olor.'rHO'Vear  te't  'Iiohh  noa|i|iarent  rlianae. 
It's  chomicolly  rosistont  —  to  dilute  alroliol'.  al> 
kali'  and  mineral  'alt  'oliitioii'. 

It  hos  low  hoot  conduction  —  plea'ant  to  toiieli 
and  |iroini'ina  heat  iii'iilatioii  a|i|ilieation'. 

It's  light  in  woight  —  '|ieeifir  gravity  l.lhto  1.21). 
It  has  high  dioloctric  strongth^ — 

Dieleetrie  constant:  W)  eyries,  .I.S  to  l..» 

10*  ryeles,  2..>  to  3.0 
I'oHer  factor:  60  eveles,  0.06  to  0.08 
10*  ryeles,  0.0 1  to  0.03 
oosily  moldod  —  from  higliHay  reflectors  to 
**et  cell  liatteries,  it*8  heljied  solve  scores  of 
diflirult  jobs. 


\  traiis|>ur«‘i)t  iiirat  lvtM*|M‘r  panel 
is  a  lirantl-new  selling  feature  f«»r 
this  ’U)  refrigerator.  It's  a  real 
sales  point  ti»  tell  liovv  it  shows  the 
honsehohi  meat  supply  at  a  glanee. 

And  Vi  estinghoiise  salesmen  tell 
how  it  must  rim  a  eontimial  gaunt¬ 
let  of  man-matle  weather.  (^)uiek 
ehanges  all  day  from  frigitl  0°  to 
the  warm  80°  of  a  kitehen. 

Hut  that's  not  all.  Moisture  is 
present  always.  Kegiilarly  it  is 
soaped,  seruhhetl,  seahletl.  TtM).  it 
is  hanged  and  kiUM'ked  around. 

That's  why  Bryant  Klectrie  Co. 
molds  the  panel  from  ''Lueite" 
powder  for  Viestinghouse.  It  meets 
refrigerator  tests  without  craek- 
ing,  diseoloration  or  breakage. 

See  where  you  can  use  such  a 
material.  One  that  sparkles  in  its 


crystal  visibility.  Stands  up  to 
strain  or  rough  usage.  Resists 
moisture,  chemical  action  and 
tenn)erature  changes. 

This  is  *'Lucite'’  methyl  metha¬ 
crylate  molding  pow  der — the  plas¬ 
tic  with  the  unusual  combination 
of  qualities  that  gives  it  so  many, 
many  uses.  You  can  depend  on  it 
for  modern  functional  applica¬ 
tions.  ^  rite  Du  Pont,  Plastics 
Dept.,  Arlington,  N.  J. 

(JOIIJ) 

"U  SI.S  dATOff 

PLASTICS 

DU  PONT  ON  THE  AIR— Lisidn  to  "Tho 
Cavalcade  of  America"  Tuesday*,  9  p.  m., 
E.S.T.,  National  Broadcasting  Co.  Networfcs. 
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shown  that  the  ratio  of  fundamental- 
frequency  output  current  to  fundamen¬ 
tal-frequency  >rrid  voltage  is 


where  K„  is  the  peak  grid  alternating 
voltage.  When  A,’.,  is  small,  this  expres¬ 
sion  reduces  to  y,„„  which  is  commonly 
defined  as  the  transconductance.  For 
larger  values  of  the  expression  may 
he  written 

('  *  "'r) 


Thus  the  ratio 

!/—  !/-. 

may  be  used  to  evaluate  the  distortion 
factors.  Thus,  if  a  tube  is  connected 
in  a  transconductance  bridge,  a  trans¬ 
conductance  reading  taken  with  a  small 
signal  and  the  reading  called  an¬ 

other  reading  taken  with  a  given 
larger  signal  and  the  second  reading 
calleil  necessary  data 

are  at  hand  for  the  determination  of 
the  distortion,  provided  the  larger  sig¬ 
nal  swing,  is  known.  Letting  (y„,n 
— Kquations  (1)  to  (oi 
give  the  following  results: 


RKCORDING  DEVICF 
DEVELOPED 


^eitet  ^oiretaae 

Are  you  getting  the  coverage  to  which  your  locahnn 
and  power  entitle  you?  When  you  study  this  question, 
consider  the  experience  oi  Blaw-Knox  in  the  broad- 
cashng  held,  dating  back  to  the  beginning  of  radio. 
Consider  also  the  unique  facilities  oi  Blaw-Knox  for 
designing  and  fabricating  vertical  radiators,  and  the 
fact  the  radio  engineers  the  world  over  turn  to  Blaw- 
Knox  for  high-efhciency  equipment  of  this  type.  Finally, 
please  remember  that  Blaw-Knox  stands  ready  to  apply 
its  experience  and  facilities  to  your  problem  whenever 
you  say  the  word. 


j  r  a  y 

ELECTRIC  COMPANY 


OF  BLAW-KNOX  COMPANY 
2038  Faurmers  Bank  Bldg.,  Pittsburgh,  Pa. 
OfhceM  in  principal  citimB 


Harrison  Gipe,  engineer  in  a  pretxel 
factory  in  Reading.  Pa.  with  his 
"Magnaphone",  a  steel  tape  recorder 
whose  development  has  been 
recently  announced.  Using  wire 
nine-thousandths  oi  an  inch  thick, 
the  device  can  now  make  record¬ 
ings  one  hour  and  fifteen  minutes 
long,  but  could  be  designed  to  make 
recordings  five  or  six  hours  in 
length 
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356 A  gets  another  job! 
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Western  Electric  "Ultra-High"  Amplifier  Tube  proves 
ability  in  frequency  modulated  transmitters 


A  pair  <if  .T.»6A’(*  in  a  pii^th-piill  o»rillati>r  Mill 
put  nut  l.>()  Matl»  at  10()  nirj»ao>oh*>*  ur  100  M'all>« 
at  130  m«*nac\<*l«‘«.  The  tube  iti  k«  uluirt,  Mitli 
leail-iiifi  f»f  »iii«*h  hiw  iiiiliielaiiee.  that  a  pair  ean 
he  neutralized  perfeetly  for  tlu*j»e  freqiieiieies. 
'ITie  SohA  ean  he  ummI  to  ailvaiitafie  in  frequeney 
modulated  trau^iniitterM. 

All  solid  dieleetries  are  eliminated  inside  the 
envelope  sinee  the  eleetroiles  are  supported 
ilireetly  hy  heavy  leads.  A  eeiiler  tap  for  the 
filament  is  hroii^ht  out  to  one  hase  stud. 

The  hase  is  a  standard  .10  Matt  eeramie  wafer 


M  hioh  fits  standard  ,10  Matt  soekets  without  shells 
or  specially  desipiieil  Western  Klectric  1.12A 
type  socket. 

A  pi^my  in  size  hut  a  "liilton  for  punishment, 
the  3.1(f>A  utilizes  Vi'«-stern  Klectric  stemless  ty|»e 
construction  perniittiii^theshortest  jiriil  filament 
and  plate  leads.  .Note  that  the  plate  terminal 
is  welded  too. 

Get  full  details  from  distributors  listed  below. 

Western  Electric 


volio 


characteristics 


DC  plofe  volfage’  '  '  '  ^  omperes 

'  ,20 

•  .  120  fTul/iomp^^^^ 

—  April  1940 


''"’plificotion  factor  ‘  ' 

Overall  height  '  ’  •  •  •  50 

Maximum  ratings  oddiI  ’  '  '  inches 


DISTRIBUTORS:  /7f/  cT^ 
Co  .GroybarBldg  NewYn  t 
foxHdland;  Northern  ElecJ 

Internotlono,  S^'^d'rd' 


SPEAKING  OF  THE  THIRTIES 


DON’T  OVERLOOK 

G-E  TEXTOLITE  AND  ELECTRONICS 


(  clmnge  in  iiuKlulation 


2rul  Imnnonic  distortion 


3rd  Imnnonic  distortion 


cross-nuxlulation  by  undesirccl  carrier 


where,  of  course,  ni,  is  the  fractional 
modulation  of  the  desired  carrier  and 
is  the  fractional  modulation  of  the 
undesired  carrier. 

A  second  and  slitrhtly  ditTerent 
methoil,  which  may  also  be  used,  does 
not  require  that  the  a-c  sij;nal  sup¬ 
plied  by  the  bridtre  to  the  trrid  of  the 
tube  under  test  be  increased.  Instead, 
the  sifrnal  remains  small  hut  a  .second 
larger  alternatintr  voltatre  of  another 
frequency  is  superimposed.  The  second 
voltatre  should  be  of  a  much  higher  fre¬ 
quency  than  that  of  the  sitrnal  use<l  in 
the  bridjre  (so  hijrh  that  the  balance  in¬ 
dicator  does  not  pass  it  or  its  har¬ 
monics).  If  the  second  and  larirer  sig¬ 
nal  has  an  amplitude  h\,  the  transcon¬ 
ductance  readinjr  will  be  the  averape 
over  a  cycle  of  the  larper  sipnal  and  is 
found  to  be 


tThey  might  be  called  the  “turbulent  thirties” 
but  there  were  some  bright  spots  in  the  decade 
just  passed  that  you  cannot  overlook.  Take  for 
instance  the  achievements  of  G-E  Textolite  and 
“■  Electronics  magazine. 

Pages  of  this  issue  speak  for  themselves  in 
paying  tribute  to  McGraw-Hill’s  outstanding 
I  publication.  So  let’s  take  a  look  at  the  record 
,  c*  of  General  Electric’s  plastics  activity  in  the 
electronics  held. 

Since  the  day  ten  years  ago  when  Electronics  hrst  appeared. 
General  Electric— with  the  help  and  co-operation  of  the  industry’s 
engineers — has  developed  many  new  applications.  Standard  in¬ 
sulating  materials  have  been  improved  in  quality  and  costs  have 
been  reduced. 

Use  of  Textolite  laminated  plastics  has  brought  about  a  reduction 
in  electrical  losses  and,  by  reducing  moisture  absorption,  has  meant 
an  improvement  in  circuit  stability.  At  the  same  time,  machinability 
and  punchability  of  this  material  has  constantly  grown  better. 

For  the  radio  industry,  new  developments  in  this  period  include 
speaker  cones,  diaphragms  and  dust  caps.  But  better  materials  and 
lower  costs  have  helped  the  newer  electronic  applications  as  well. 

Use  of  Textolite  molded  plastics  has  resulted  in  better  designed 
cabinets,  bezels  and  knobs  to  enhance  the  external  appearance  of 
radios. 

All  this  has  been  accomplished  in  the  “turbulent  thirties.”  And 
yet,  looking  ahead  at  the  plastics  development  under  way  in  Gen¬ 
eral  Electric’s  laboratories,  there  can  be  no  doubt  that  improve¬ 
ment  in  materials  and  reduction  in  costs  will  proceed  at  an  ac¬ 
celerated  pace  in  the  next  decade  to  come. 


when*  is  thi*  incremfiit  found  by 

the  .second  method. 

By  reading  the  transconductance 
with  the  extraneous  signal  removed, 
(i.e.,  A’.  =:0)  the  value  y,„„  is  found 
and  again  the  distortions  may  he  cal¬ 
culated  provided  A’,  is  measured.  The 
relations  are  similar  to  those  of  Kijua- 
tions  ((>)  to  (IM  except  that  it  must  lie 
remembered  that  ^y',„  =  2  ■^y„. 


The  two  methods  outlined  may  be 
applied  to  any  transconductance  bridge 
with  a  sharply  tuned  ba’ance  indicator 
and  capable  of  accurate  balance,  pr»  f- 
erably  to  less  than  one-half  per  cent. 
For  the  first  method,  the  a-c  supply  to 
the  bridge  must  be  variable  and,  at  its 
maximum  value,  must  supply  a  grid 
voltage  of  several  volts  to  the  grid  of 
the  tube  under  test.  In  the  seci  iid 
method,  an  additional  signal  whi'.se 
fundamental  frequency  and  harmonics 
do  not  operate  the  balance  indicator 
must  be  applied  to  the  grid  in  senes 
with  the  a-c  voltage  supplied  by  he 
bridge.  The  latter  should  be  as  small  as 
usual  for  transconductance  meast.re- 
ments  (e.g.,  of  the  order  of  0.1  volt  or 
less)  whereas  the  additional  signal 
must  be  larger.  With  both  methods  the 
alternating  grid  voltage  must  be  nn  as- 
ured. 

In  most  cases,  the  most  desir.ible 


PLASTICS  DEPARTMENT 


GENERAL 


ELECTRIC 


ELECTROM<  S 
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iTEATITE  INSULATION 


((DtWICS 


INSULATORS 


Ten  years  ago,  when  the  bands  above  56  Whether  your  needs  are  standard  or  special, 

megacycles  were  mostly  silent,  nearly  any  r.t.  Investigate  the  General  Ceramics  complete 

Insulation  was  good  enough.  Today,  with  the  line  of  Insulators.  You'll  find  us  a  dependable 

extended  r.t.  spectrum  already  probing  Into  and  cooperative  source  of  supply,  with  three 

new  unknowns,  the  lower  loss-factors  of  Gen-  large  plants  devoted  to  the  manufacture  of 

eral  Ceramics  Ultra-Steatite  Insulators  are  ceramic  products  and  a  staff  that  knows 

essential  to  the  solution  of  many  new  prob-  Insulators  and  Insulation  problems, 
lems  In  both  radio  and  television. 

For  routine  requirements,  too,  you  will  find  . . . . 

It  worth  while  to  standardize  on  General  n 

Ceramics  equipment;  for  In  both  Ultra-  K 

Steatite  and  the  regular  Steatite,  General  M  f 

Ceramics  Insulators  are  extremely  efficient.  K 

Both  are  mechanically  strong  and  stable 


general  ceramics  company,  dept,  e 

RCA  building,  30  ROCKEFELLER  PLAZA.  NEW  YORK 


If  you  have  not  received  your  copy  of 
this  new  catalog,  send  for  it  now,  while 
you  have  it  in  mind.  It  lists  hundreds 
of  items  and  contains  much  helpful 
data  on  insulation  problems. 


data  are  the  magnitude  of  the  siprnals 
which  will  give  rise  to  a  given  amount 
of  distortion  or  cross-modulation.  Such 
data  are  obtained  directly  by  the  above 
methods  with  the  following  procedure. 

Method  1.  Using  a  small  grid  signal 
on  the  tube  under  test,  the  transconduc¬ 
tance  bridge  is  balanced.  When  the 
distortion  or  cross-modulation  figure  is 

^9m 

chosen,  Equations  (6)  to  (9)  give - , 


Tube  Registry 


NOTICE:  The  sponsor  of  tube  type 
6S6GT  has  modified  the  basing  of  this 
tube  type  from  that  shown  on  page  62, 
March,  1940  issue  of  Electronics.  As 
there  indicated  the  basing  is  described 
by  designation  6AV.  As  modified  the 
basing  is  described  as  5AK. 


the  percentage  change  in  transconduc¬ 
tance  necessary.  For  example,  suppose  Typ©  0S0  (GT) 

5  per  cent  second  harmonic  is  chosen  for  ' 

R-F  pentode,  remote  cutoff;  heatet 

wjj  =  1.  Equation  (7)  gives  -  =  type;  (T-9)  glass  envelope;  seated 

height  3i  inches  (max);  5  pin  octal 
35  per  cent.  The  transconductance  ^ase. 

bridge  is  then  unbalanced  by  35  per  cent  -  6.3  v  r-i 

and  the  a-c  supply  to  the  bridge  is  in-  amp  ' 

creased  slowly  until  a  balance  is  again  =  liw  v 

attained  or  grid  current  is  reached.  ^  \ 

The  alternating  grid  voltage  is  then  =  3  f  i 

the  desired  answer.  If  grid  current  is  o-  =  -*0^  Mmhos  I  jlyw  j  J 
reached  before  the  new  balance  is  ob-  c''  =  S  ^ 

tained,  however,  it  will  be  necessary  to  =  6  sm!  ^  xX 

reverse  the  direction  of  the  35  per  cent  Basmg7).\k 
initial  unbalance  and  repeat  the  pro¬ 
cedure.  The  smallest  of  the  two  alter¬ 
nating  grid  voltages  measures  the  sig¬ 
nal-handling  ability  of  the  tube. 

Method  2.  With  the  additional  higher 
frequency  a-c  signal  turned  off,  the 
transconductance  bridge  is  balanced. 

The  bridge  is  then  unbalanced  by  the 
chosen  amount  as  in  Method  1.  The  ad¬ 
ditional  signal  is  then  gradually  in¬ 
creased  until  the  bridge  balances  or 
grid  current  is  reached.  The  magni¬ 
tude  of  the  grid  signal  is  then  recorded. 

If  grid  current  is  reached,  the  initial 
unbalance  should  be  reversed  in  di¬ 
rection  and  the  procedure  repeated. 

It  is,  of  course,  necessary  with  both  =  12.6  v 

methods  that  the  voltages  be  well  regu-  =o.i.iamp 

lated  during  the  measurement  to  pre-  v  yP  ~ 

vent  the  electrode  voltages  from  vary-  Kc  =  “  ]\ 

ing  with  tube  current.  In  taking  data  lo^rl'ma  ^"T^^ZZZ—i  \ 

for  series-screen  resistor  operation,  it  r,  =  2  megohms  I  •  *  '  I  1 

is  necessary  to  substitute  a  steady  =  i2^>*’Mmhoe  ©T - ' '  ?  Jj) 

screen  voltage  while  the  actual  data  are  c«'p  =  0  <x)7  iml  (max)  \/ 

taken.  This  is  done  by  using  the  c.LI  7 

series  resistor  for  the  initial  small-  Basing  7-R 
signal  balance,  and  substituting  a  fixed 
voltage  which  will  give  the  same  bal¬ 
ance. 

As  an  illustration,  data  were  ob-  ip  10Q&7  IC'\ 

tained  on  the  type  6K7  pentode  using  ■I’yP® 

Method  (1)  and  are  shown  >"  the  ac-  ,.r„,„tvpe  12SA7  (GT) 
companying  diagrams.  The  data  show  *  ' 

the  amount  of  signal  at  any  given  grid  Pentagrid  converter;  heater  type; 

bias  value  which  will  give  a  3  per  cent  (T-9)  glass  envelope;  seated  height 

change  in  effective  transconductance,  or  3  9/16  inches  (max);  8  pin  octal  base, 
a  second  harmonic  distortion  of  a  modu¬ 
lation  envelope  of  45  per  cent,  a  third  -o^islm 

harmonic  distortion  of  i  per  cent,  or  I  250  v*^"”** 

the  amount  of  undesired  signal  which  =  0  r\ 

will,  when  100  per  cent  modulated,  give  =  s.'s  ma  '' 

a  cross-modulation  of  12  per  cent.  The 
data  are  plotted  on  semi-log  paper  us-  =  i  megohm 

ing  the  percentage  of  maximum  trans-  ^  J 

conductance  as  the  abscissa  scale.  This  iX  Z  ell  =  =  0  v  r"*7^J-frL 

method  of  plotting  is  valuable  in  com-  li>  “  jg  ““ 

paring  tubes.  g'^  =  (between  gi  and  _  rfC 

■ -  (p  +  (/!  +  g>)  ki/  \2/ 

*  Ballantine  and  Snow,  Reduction  of  Dis-  =4500  pmhos 

tortion  and  Cross-Talk  in  Radio  Receivers  bj-  Cr/i.  *  10.5  Mpf 
Means  of  Variable-Mu  Tetrodes  ;  Proc.  I.R.E.,  =  12  /ipf 

Vol.  18,  pp.  2102-2127,  Dec.  1930.  Basing  8-AD 


Tube  Types  Registered  by  R.M.A.  Data 
Bureau  During  February  1940 


Type  1217  (G) 

Prototype  fiJ7  (G) 

R-f  pentode;  sharp  cutoff;  heater  type; 
(ST-12)  glass  envelope;  seated  height, 
3  29/32  inches  (max);  7  pin  octal  base, 


A  SPECIAL 
PROBLEM! 


Let  our  technical  staff  assist  yoi- 
General  Ceramics  facilities  for  de¬ 
veloping  and  fabricating  specii 
products  to  exacting  specIficatio« 
are  unsurpassed. 


And  whether  your  needs  are  spe-j 
cial  or  routine,  we  offer  you  SER-i 
VICE  .  .  .  prompt  at+ention  *• 
your  inquiries  and  orders 
advantages  of  up-to-date  prod-'- 
tion  facilities  .  .  .  and 
DELIVERIES. 


INSULATOkS 


YOU  ARE  READING . . . 


The  bii;^csr  issue  of  I-.Lr,(/rRONl(!S  ever  published  —  big¬ 
gest  in  circulation,  editorial  and  advertising  content  of  any  of 
the  121  issues  brought  out  since  volume  1,  number  I,  April,  1930. 

Reftresetited  hi  the  advertishig  columns  are  a  majority  of 
the  existing  charter  advertisers,  and  a  ivho's  tvho  of  the 
imfiortant  companies  in  the  electronic  and  allied  fields. 

— —  ELECTRONICS 

IS  PROUD  OF  THE  COMPANIES  IT  KEEPS 


electronics  •  A  McGraw-Hill  Publication  •  330  W.  42nd  St.,  New  York,  N.Y. 


ELECTRIC 


Type  50Y6  (G) 

l*rototype  50Y6  (GT) 

Rectifirr-ik)UBIJCr;  heater  type; 
(ST-12)  frlass  envelope;  seated  hei^jht, 
31),  1(5  inches  (max);  7-pin  octal  base. 


NEW  ICONIC  CONSOLE 


Beautifully-balanced  tone  quality  and  even  response  throughout  a  long  tone 
range  are  obtained  in  the  Iconic  System  by  the  same  method  used  in  Lansing's 
finest  theatre  systems — a  two-way  system  using  a  dividing  network  and  separate 
speakers  for  the  reproduction  of  high  and  low  frequencies.  The  result  is  clear 
brilliant  high  tones  and  deep  resounding  lows  with  every  subtle  overtone  and 
undertone  faithfully  reproduced. 

The  Iconic  System  is  now  offered  in  a  beautiful  new  modern  console  cabinet.  It 
is  solidly  constructed,  and  the  polished  finish  has  an  underlying  lustre  of 

_  opalescent  silver.  It  has  been 

thoroughly  tested  lor  acoustical 
correctness.  The  Iconic  System  is 
ideal  for 
dress 

churches,  monitor  and  audition 
rooms,  sound  studios,  and  fine  resi- 
dentiol  installations. 


50  V 

0.15  limp 
•Wave  Kocti6er 
235  V  (max) 

'5  Ilia  per  plate 
(max) 

22  V  (<ii  1.50  ma 
p«T  plate 


HaniiiK  7-iJ 


Tube  Types  Registered  by  R.M.A.  Data 
Bureau  During  the  Last  Quarter  of  1938 


It  is  available  with  either  electro¬ 
dynamic  or  permanent  magnet 
speakers.  Models  are  made  with 
various  special  amplifiers,  also. 
Production  has  iust  been  stepped 
up  on  the  Iconics  and  the  whole 
line  lowered  in  price.  Complete 
literature  can  be  had  upon  re¬ 
quest.  It  will  poy  you  to  investi¬ 
gate  the  Iconic  Systems. 


R-f  pentode,  remote  cutoff,  heater  type 
trlass  envelope,  8  pin  octal  base. 


f) .  3  V 
0.3  amp 
250  V 

100  V 

-3.0  V 
7 . 0  ma 
1 . 7  ma 
0.8  iiiPKotini 
14.50  /imhiis 


Hafling  6-.V.\ 


LANSING  MANUFACTURING  COMPANY 

6900  McKinley  Avenue  Los  Angeles,  California,  U.S 


RADIUM  EXPERTS 
WORK  IN  CAVES 


NEW  TYPE  RELAY 
NOW  AVAILABLE 


A  Sturdy  and  Sensitive  Design 
at  Low  Cost 


This  new  relay,  just  perfected, 
costs  less  because  it  has  fewer 
parts.  Its  brand  new  design  af- 

fords  greater  sensitivity,  too.  ^ 

So  you  can  save  money  and  get 
a  better  relay  by  switching  to 
this  new  model.  Investigate 

today.  released.  Write  for  copy 

Details  and  prices  on  a  wide  to  American  Automatic  Elec- 
range  of  contact  combinations  trie  Sales  Company,  1033  W. 
given  in  illustrated  circular  Van  Buren  Street,  Chicago. 


In  the  Derbyshire  caverns  in  Eng 
land,  280  feet  below  the  ground,  a 
group  of  workers  are  engaged  in 
extracting  radon  gas  from  radium 
as  a  WOT  safety  measure.  Radon 
gas  is  said  to  have  almost  the  same 
properties  as  radium  and  has  the 
added  advantage,  for  war  times,  o< 
losing  its  effectiveness  within  a  few 
days 


MAKERS  OF  TELEPHONE  AND  SIGNALING  APPARATUS 
ELECTRICAL  ENGINEERS,  DESIGNERS,  &  CONSULTANTS 


ELECTRONICS 


Type  6SC7 

Twin  triode  amplifier,  heater  type, 
metal  envelope,  8  pin  octal  base. 


Ek  =  0.3  V 
/»  —  0.3 

(Knell  trimle) 
E,  ^  2.">0  V  (max) 
E.  “  -  J  O  V 
/,  =-  J  .O  inu 
r,  •=  .>3(HK>  ohms 
I/m  **  13J5  nmhos 
M  =  70 
basing 


Type  6SF5 

Singij:  ended  hiirh  mu  triode,  heater 
type,  metal  envelope,  G  pin  octal  base. 


Kk  “  0  3  V 

y»  =03  iimi> 

K,  *  JoO  V  (max) 

E.  =  -J  (•  V 

/,  =0.0  ma 
T,  -  titiOOO  ohms 
„  =  MMI 
basing  S-l’ 


Type  6SI7 

Single  ended  r-f  pentode,  sharp  cutotr, 
heater  type,  metal  envelope,  8  jiin  octal 
base. 


Ek  “  0  .3  V 
Ik  -  0.3  amp 
Ep  =  J.'iO  V  I  max) 
E,  =  loo  V 
E,  ~  —  3.0  V 
/,  3.0  ma 

It:  *=  O.h  ma 
r,  =  I  . megohms 
Um  =  lO.'iO  ,,mhos 
basing  vN 


Type  6SK7 

Single  ended  r-f  pentode,  remote  cutoff, 
heater  type,  metal  envelope,  8  pin  octal 
base. 

Ek  =  ti  3  V 
Ik  0.3  amp 
Ep  J.aO  V  (max) 

E,  -  1(H)  V 
E.  =  -3.0  V 
Ip  *=0  3  ma 
lit  =  J .4  nia 

*=  0  8  megohm 
^  '.’iHHI  anihos 
Basing  8-N 


Type  6SQ7 

Single  ended  double  diode  hiph  mu 
triode,  heater  type,  metal  envelope,  8 
pin  oct.al  base. 


6  3  V 

3  Jimp 

“  i-’.’iO  V 
^  «  .  0  V 

«  <*.0  ma 
“  I  HK)  Miiihtjs 
M  «  Hh> 


DIRECT  READING 
FREQUENCY  MONITOR 


MODEL  FD8  BY 


FEATURES: 

•  Provides  direct  reeding  of  frequency 
deviation. 

•  Temperature  controlled  crystal  cham¬ 
ber. 

•  Monitors  four  frequencies. 

•  Operates  on  any  frequency — 1500  to 
50,000  KC 


•  Accuracy  of  the  monitoring  frequency 
is  .002  per  cent 

•  Three  ranges  of  measurement — 1000, 
5000,  and  10,000  cycles 


For  further  details  write 


DOOLITTLE  &FALKN0R,  Inc. 


7421  S.  LOOMIS  BLVD. 
CHICAGO,  ILLINOIS 
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RADIATORS 


Half-wave  high  vacuum  rectifier,  fila¬ 
ment  type,  metal  envelope,  5  pin  octal 
base. 


"Unattenuation 
field  of  station  is 
equivalent  to  270 
mvm  for  a  power 
of  1000  watts . . . " 


E,  =  2.5  V 
If  =  1.5  amps 
Etc  >=  350  V  (max) 
Idc  =  55  ma  (max) 
Basing  4-X 


NO  HORSE 


Locking  the  door  after 
the  horse  is  stolen"  -  - 


IS  FOllr',  but  no  more 
SO  than  trying  to  save  time  and 
money  winding  yOur  own  re¬ 
sistors 

Our  quality  wire-wound  resistors 
have  helped  many  m.anufacturers 
boost  the  quality  of  their  pro¬ 
ducts  and  speed  up  production 

We  'aFe  the  resistance  out 
of  resistor  problems. 


Triode-hexode  converter,  heater  type 
glass  envelope,  8  pin  octal  base. 


6.3  V 
0.8  amp 
250  V  (max) 
75  V 
-  2.0  V 
100  V 

50000  ohms 
650  M»ihos 
1 .5  ma 
I  1 .4  ma 
2.2  ma 


tr\0d0 
grid  tr%0d4 


Here  is  more  evidence  of  the 
excellent  efficiency  of  Lingo 
Vertical  Tubular  Steel  Radiators. 
Such  statements,  and  others 
from  letters  in  our  files,  testify 
to  the  foct  that  Lingo  Radiators 
are  not  only  living  up  to  claims, 
but  are  creating  new  ones! 
More  and  more  alert  engineers 
are  becoming  aware  of  the  un¬ 
usual  results  made  possible  by 
Lingo's  fine  quality  design  and 
construction. 

Lingo  "Tube"  Radiators  are 
constructed  of  new  full-weight 
copper-bearing  seamless  steel 
tubing,  which  provides  a  con¬ 
siderably  higher  tensile  strength 
than  is  found  in  other  types. 
Combined  with  this  assurance 
of  stability,  goes  43  years  of 
experience  and  single  responsi¬ 
bility  in  constructing  and  erect¬ 
ing  our  own  radiators.  There 
are  many  other  features  of  in¬ 
terest.  .  .  . 


Basing  8-K 


Coiologue  upon  Request 


Type  25AC5  (G) 

Power  amplifier  triode,  heater  type, 
glass  envelope,  6  pin  octal  base. 

Ek  =  25.0  V  ^ 

Ik  =0.3  amp 
E  ,  =  110  V 

Ip  =  45  ma  \ 

It  =7  ma  T  J  1 

Om  =  38(X)  /imhoe  I  1 

hi  =  3500  ohms  1  L 

P.  =3.3  watts  (10%)  ftV - ' 

Basing  6-Q  X.  1 


Initrument  Reiistors,  Inc 

LITTIC  FALLS,  NfW  JfRSiT 


lAKias  Of  Mill  MOUND  XSiSTORS 
fO*  the  tlfCTtONtC  In0UST«t 


Tuning  indicator,  heater  type,  (T9) 
glass  envelope,  6  pin  base. 

/i  =  o!3  amp 
Basing  6-R 


May  we  send  you  a  com¬ 
plete  technical  report? 

Simply  send  us  the  location,  power 
and  Ireguency  of  your  station.  We 
will  send  you  full  details  without 
obligation. 


SCRATCHY? 


Remler  Attenuators  assurt  s-m-o-o-t-h 
mixing  .  .  .  completely  eliminate 
''scratch.”  Silver  blades  on  silver  taps 
(.030"  solid  silver)  machined  to  pre 
cision,  "floated”  on  ball-bearings 
Self-cleaning — soft  thin  silver  oxide 
automatically  wipes  oft  with  blade' 
Always  quiet,  even  ir.  low-level  cir¬ 
cuits.  For  complete  specification 
write: 


Single  ended  pentagrid  converter, 
heater  type,  metal  envelope,  8  pin 
octal  base. 


Ek  =  6.3  V 
Ik  =0.3  amp 
E,  =  250  V 
Ert. 4  =  100  V 
E.i  =  -  2  V 
Ip  =3.4  ma 
la,  4=8  ma 
Ot  =  450  /imhoa 
Tp  =0.9  megohm 
Basing  8-R 


REMLER  COMPANY.  Ltd, 

19th  at  Bryant  San  Fr4 
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Aildres. 


t\  -  7.0  V 
Ik  =»  0 . 1 1>  liin p 
K,  =  2.V)  V  (iiiiix) 

Hfti  **  10  iiii'cithinH 

Ip  =  i  n  inu 

rp  =0.1  iiK-eohiii 
Um  =  KHHI  ^iiihuti 
M  =  1«K) 

UiixiiiK  S-W 


Type  7Y4  (GL) 

FrLL-WAVp;  hijrh  vacuum  rectifier, 
heater  type,  jrlass  base-envelope,  8  pin 
luktal  base. 


El  =7  .0  V 
If  =  0 . ."(n  :ini ’) 

E,r  .‘l.Vt  V  |H‘r  plate 
(max  I 

J dt  =  <>0  ina  ( iiaix) 
ItasmK  .VAB 


Pincor  Dynamotors  afford  a  dependable 
"B”  power  supply  for  aircraft,  marine  and 
broadcast  service,  mobile  units,  etc. 
Highest  efficiency  and  regulation.  5  to 
8S0  watts.  Input  &  to  110  volts;  output 
up  to  1750  volts. 

PIONEER  GEN-E-MOTOR  CORP. 

CHICA60.  ILLIHOtS 

lieerf  iierfreif;  15  Werren  St.,  New  TeHt.  N.T, 
Cable:  Simaatrice,  Hew  Verb 


PIONEER  GEN-E-MOTOR  CORPORATION 
Dept.  R-4  0.  466  W.  Superior  St.,  Chicago.  III. 

I*lea.se  send  infurmatiun  un  the  (ullowinK: 
O  lligli  Freaueney  Converters.  □  Small  Motors. 
O  l).\namotors.  □  Rotary  Converters. 


City  .  State 


JAGABI  JuhU'tad; 

RHEOSTATSIMQH^^ 

Rubricated 

I  SLIDING 
\  CONTACT 


Type  35A5  (GL) 

Bkam  power  amplifier,  heater  type, 
ulass  base-envelope,  8  pin  loktal  base. 


Ek  •=  .3.'.  .0  V 
Ik  =0.  Ill  inn 
Ep  =  1 10  V  (mnx) 
Ell  “  1 10  V  I  mnx) 

El  =  —  7.5  V  (min) 
/,  =  .'1.5  mn 
111  =28  mn 
i/a,  =  ,5.51  K)  fimiion 
III  =  2500  oliiiiH 
I\  -  14  watts 
Bnsiiii; 


tt'rile  for  Rullftin 
lf>2(l-l  u  hich  Ustt 
new  loner  priett. 


Type  7A7  (GL) 

U-f  pentode,  remote  eutolT,  heater  typt“, 
^rlass  bjise-tmvelope,  8  jtin  loktal  base. 


A  graphited  carbon 
lubricator  associated 
with  the  contact 
brushes  eliminates 
scratching  and  abra¬ 
sion  —  gives  smoother 
operation  and  a  bet¬ 
ter  contact.  Makes 
Jagabi  Rheostats 
better  rheostats. 


Ek  =  7  0  V 
/*  “  O  :12  amp 
Ep  =  2.50  V  (mnx) 
Eit  =  lOO  V  (mnx,’ 
E,  =  -  .'t  .O  V 
Ip  =8.0  mn 
/.•  «  2.0  mn 
r,  =  O  8  inoi'ohiii 
l/x  =  2(MIO  ,4mh<j«> 

p,  =  1000 

Bnsinr  8-\' 


Pincor  High  Frequency  Converters  are 
precision  built  for  smooth,  silent,  depend¬ 
able  performance.  5  to  SIX)  watts.  400 
and  500  cycles.  Special  units  designed 
to  meet  any  output  or  requirements. 


These  small  motors  are  particularly 
adapted  for  band  switching,  remote  con¬ 
trol,  etc.,  for  aircraft  use  or  wherever  a 
small  light  weight  motor  is  required  for 
unfailing  service.  20  watts  output.  Others 
as  required. 


ei.kctronics 
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Type  7C6  (GL) 


MODEL  X-26 


Pl'ODKmK  triode,  heater  type,  jrlass 
base-envelupe,  8  pin  loktal  base. 


Astatic  Microphone  Laboratory,  Inc. 

YOUNGSTOWN,  OHIO 

In  r.inada:  Canadian  Astatic  Ltd..  Toronto.  Ontario 
Astatic  Crystal  Products  Licensed  Under  Bruth 
Development  Co.  Patents 


Designed  for  use  in  recording  on 
acetate  coated  blanks.  Also  used 
on  wax  master  plates.  Especially 
suitable  for  home  recording 
equipment.  Heavy  dIe-cast  cart- 
ridge  assembly  develops  remark¬ 
able  power  sensitivity  capable  of 
recording  a  range  of  frequencies 
far  greater  than  formerly  possible. 
Due  to  constant  amplitude  char¬ 
acteristic,  higher  volume  levels 
can  be  recorded  without  groove 
crossover. 


LIST  PRICE  NOW  $11.50 

fSee  Your  Astatic  Jobber) 


JAMES  G.  BIDDLE  i 

Electrical  Instrummnts 
1211-13  Arch  Straat  Philodalphia,  Po. 


ASTATIC  CRYSTAL 
RECORDING  HEAD 


li-f  pfiitodv.  ifmotf  vutotr,  hvatvr  typo. 
I  jrla.8s  ba.sf-t’iividopv,  8  pin  loktal  basv. 


Ek  =  7  0  V 
Ik  -=  O  Ki  iimp 
Ep  =  2.50  V  (ii.ix) 
..  100  V  '  mnx) 
E.  -  -  :i  V 
Ip  =8  ,5  mn 
III  -  0  7  mn 
(/=  “  17(Hl  ,imlii« 

r.  =  0  7  mi’iiolim 

M  =  1200 

B;ismi!  8-\ 


( 


Triode  amplitier,  heater  type,  jjlass  en¬ 
velope,  ()  pin  octal  base. 


6.3  V 
U.3  amp 

95  V 
-15  V 
7  ma 

3500  ohms 
1200  /imhos 


Uiisine  6-Q 


Keam  power  amplitier,  heate 
bantam  irlass,  7  pin  octal  base, 


35  V 

0.15  amp 
1 10  V  (max) 
1 10  V  0»ax) 
—  7 . 5  V 

to  ma 
3  ma 

.5X00  pmhi« 
HO 

2,5(M)  ohms 
1  .i>  watts 


Designed  to  meet  the  particular  requirements  of  UHra-Hi^  ^equency 
Transmitting  Equipment,  the  BUD  lines  of  V.  H.  F.  Transmitting  Con¬ 
densers  assure  peak  tank  circuit  efRciency  in  such  applications.  Out¬ 
standing  features  include: 

(1)  Completely  insulated  tie  rods — no  closed  metalic  loop  in  con¬ 
denser  frame. 

(2)  Center-of-rod  Rotor  Contacts — permit  perfect  circuit  balance. 

(3)  Highest  grade  low-loss  ceramic  used  throughout. 

Inquiries  -welcomed  concerning  your  specific  problems.  Catalog  Free  on  request. 


lliisitiK  7-.'\( 


Half-wave  hi^h  vacuum  rectifier, 
heater  type,  b’antam  trlass,  G  pin  octal 
base. 


Ek  =  35  V 
Ik  ■•0.15  amp 
E,t  125  V  (max) 

It,  •>  100  ma  (max) 
Etr.,  C<^  2(K)  ma  -  16  v 
Basin  K  5-.\.A 


^lllTt  molded 


5JSTANCE 

Units 

i„  \>\  < 


Half-wave  high  vacuum  rectifier, 
heater  type,  glass  envelope,  1  pin  base. 


Now  they're 
known  as 


Ek  =  2 . 5  V 
Ik  =•  1 .75  amps 
E,,  =  4400  V  (max) 
It,  =*5.0  ma 
Basing  4-.\B 


the  ‘‘All-Weather 


When  this  advertisement  was  run  10 
years  ago.  the  ability  of  S.  S.  WHITE 
Resistors  to  function  efficiently  under 
extremes  of  temperoture,  humidity  and 
climatic  changes,  had  already  won 
wide  recognition.  This  recognition  was 
earned  principally  by  the  trouble-free 
performance  of  S.  S.  WHITE  Resistors 
in  radio  equipment  being  lued  in 
planes  flying  in  all  parts  of  the  world. 


Today,  the  designation  "All-Weather" 
resistors  is  fully  and  positively  estab¬ 
lished  and  it  accounts  for  the  wide¬ 
spread  use  of  S.  S.  WHITE  Resistors 
in  Commercial,  Industrial  and  Scientific 
Equipment.  S.  S.  WHITE  Resistors  are 
available  in  values  from  1000  ohms  to 
1,000,000  megohms.  Full  details  are 
given  in  RESISTOR  BULLETIN  37.  A 
copy,  with  Price  List,  mailed  on  request. 


Half-wave  high  vacuum  rectifier, 
heater  type,  glass  base-envelope  8  pm 
loktal  base. 


Ek  -  35.0  V 
Ik  •■0.16  amp 
Et,  ••  250  V  (max) 

It,  »  100  ma  (max) 
Edrtr  @  200  ma  >>  22  v 
Basing  4-2 


.  S.  WHITE 

The  S.  S.  White  Dental  Mfg.  Co. 

INDUSTRIAL  DIVISION 


Department  R,  10  East  40th  SL,  New  York,  N.  Y, 


ELECTRONH  :S 


Electronic 

Organ 


{Continued  from  page  15) 

the  insulation  resistance  must  be 
high — at  least  a  hundred  megohms. 
Ordinary  tape  insulation  is  unsatis¬ 
factory  and  all  leakage  paths  should 
have  a  full  inch  length. 

Accessibility  of  all  parts  warrants 
careful  consideration.  Where  sepa¬ 
rate  channels  are  u.sed  for  preampli¬ 
fiers,  the  outputs  can  be  arranged  ^ 
with  detachable  plugs.  | 

Voicing  of  Pick-up  Screws 

Having  connected  all  the  electric 
parts,  one  next  i)r()ceeds  to  the  voic¬ 
ing  or  adjustment  of  pick-up  screws 
for  uniform  loudness  from  the  loud- 
.speaker.  The  first  stage  of  this  rough 
adjustment  can  take  place  by  blow¬ 
ing  a  reed  in  normal  manner  while 
the  screw  is  threaded  in  until  a  buzz¬ 
ing  indicates  contact  is  being  made 
with  vibrating  tongue  and  then  the 
screw  is  backed  off  a  full  turn. 

The  first  precaution  is  to  hold  down 
adjoining  bass  keys  and  observe, 
when  they  are  suddenly  relea.sed, 
whether  sharp  clicks  come  from 
loudspeaker.  If  disagreeable  noises 
do  result,  then  the  reed  tongues  are 
slapping  against  the  .screws  so  the 
latter  must  be  backed  off  farther. 
When  all  such  thumps  have  been 
eliminated  by  checking  with  various 
key  combinations,  then  one  can  start 
to  drop  down  the  volume  of  the 
louder  reeds  to  balance  with  the 
softer  ones  all  over  the  keyboard. 
The  extreme  bass  and  treble  may 
be  a  little  weaker  than  the  middle 
region  but  that  is  unimportant  if 
there  is  no  abrupt  shift  in  volume 
going  from  one  key  to  another.  An 
a-c  voltmeter  across  the  voice  coil 
furnishes  the  most  convenient  in¬ 
dication  for  volume  equality,  al¬ 
though  the  ear  must  be  the  final 
judge.  Each  rank  of  reeds  is  voiced 
separately  before  their  outputs  are 
combined. 

Setting  tip  the  Stops 

If  there  are  already  stop  draw 
knobs  on  the  console,  these  may  be 
marked  16  feet,  8  feet,  and  4  feet, 
and  this  designation  refers  to  the 
freipiency  of  each  set  of  reeds.  For 

ELKCTROMCS  — .4 priJ  1940 


Varyini  Input  Voitifn 
95-130  VOLTS  . 


aomUnt  Oalput  Vott^ 
^115  VOLTS 


INSTANTANEOUS  ACTION 


NO  MOVING  PARTS 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltase  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltase  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon’s  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 

RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street,  WALTHAM,  Massachusetts 


•.V.*  I 


^  sP®*'  .1  V. 


CALLITE 


PRODUCTS 

DIVISION 


EISLER  ELECTRIC  CORP.  •  544  39ih  ST.  •  UNION  CITY,  N.  J. 


m 


"JWlcv.; 


HEINEMANN  CIRCUIT  BREAKER  CO 

97  PLUM  ST.  -  -  -  -  TRENTON,  N.  J. 


Full-wave  hi>?h  vacuum  rectifier,  fila¬ 
ment  type,  jjrlass  envelope,  4  pin  base. 

Ef  —  5.0  V 

J ;  “  2 . 0  ampa  (o' i''. 

High  voltagp  uppration 

=  30  nia  j  \ 

Low  voltagp  operation  I  I  11 

E.,  -  400  V  I  4  A  A  H  i 

/d.  -noma  \  / 

Hasing  4-C  \  \  J 


Type  6AD5  (G) 

High  mu  triode,  heater  type,  jrlass  en 
velope,  G  pin  octal  base. 


Model  505  Artificial  Ear 
and  Model  300A  Voltmeter 


6.3  V 
0  3  amp 
250  V 

-  2.0  V 

0.9  nia 
60000  ohms 
UKI 


Manufacturers,  research  workers,  otologists,  service  agencies  and  lab¬ 
oratories  will  find  this  combination  ideal  for  accurately  measuring  the 
efficiency  and  frequency  response  characteristics  of  telephone  and 
hearing-aid  receivers  under  the  same  conditions  which  exist  when  the 
receiver  is  worn  on  the  ear.  The  Model  505  Artificial  Ear  has  been 
completely  redesigned,  simplified  and  reduced  in  cost.  The  Model  300A 
Electronic  Voltmeter  will  be  found  extremely  useful  around  the  shop 
and  laboratory  for  other  measurements.  Voltmeter  range  .001  to  100 
volts,  10  to  150,000  cycles,  logarithmic  scale,  AC  operation.  Adapters 
can  be  furnished  for  various  types  of  hearing-aid  receivers.  In  use  by 
leading  manufacturers  and  U.  S.  Government  departments. 

Send  for  Bulletin  6G 


Hiifing  6-Q 


Type  6AG6  (G) 

Power  amplifier  pentode,  heater  type 
jrlass  envelope,  7  pin  octal  base. 


Ballantine  Laboratories,  Ii 


UC.  NEW  JERSEY 


BOONTON 


6.3  V 
1 . 2.')  .'kiiipa 
250  V  (m;ix) 
2.50  V  (max) 

-  6.0  V 
32  Ilia 
(>.0  ma 
ItHNK)  pmhos 
8.500  ohms 
3  75  watts  (7 


draster£ 


Ha.«ing 


Power  amplifier  pentode,  heater  type, 
glass  envelope,  7  pin  octal  base. 


6.3  V 

1  .2  amps 
250  V 
2.50  V 
-  6.0  V 
36  ma 
4  ma 

9.500  /inihos 
7000  ohms 

4.4  watts  (10%) 


Basing  7-S 


These  accurately  calibrated,  iactory 
set  and  adjusted  circuit  breakers 
are  used  in  many  N.B.C.  Studios 
tor  the  protection  of  vacuum  tubes. 
They  increase  tube  life,  eliminate 
the  need  for  costly  fuses  and  re¬ 
sultant  interruption  of  broadcasts 
due  to  their  failure.  The  device  can 
be  reclosed  immediately  after  open¬ 
ing  for  overload  or  short  circuit. 
Heinemonn  Circuit  Breakers  are 
made  in  ratings  from  50  milli- 
amperes  to  SO  amperes. 


Half-wave  high  vacuum  rccti 
heater  type,  metal  envelope,  G  pin  »i 
base. 


I),  =0.3  amp 
E„e  =  12.5  V  (max) 
Idt  =  125  ma  (ilc) 
Edrtf  (ffy  125  Ilia  = 
Basing  5-.\.\ 


ELECTROMCS 


THE  ELECTRON  ART 

Anion^  llie  subjects  iliseiisstMl  in  this 
nioiitirs  review  of  the  t€H*hiiieal  literatim* 
are  applications  of  soninl  in  the  tli€*ater, 
setters,  solar  eoinpoiieiits  of  eosiiiie  rays, 
ainl  an  iiiip<‘<laiiee  bridge 


SoiiimI  in  till*  I'lieutrr 

A  SIBJECT  OK  considorabU*  interest  is 
discussed  in  the  January,  IIMO  issue  of 
the  Journal  of  the  Acoustical  Societji 
of  America,  by  Harold  Hurris-.Meyer. 
The  article  is  entitled  “Sound  in  the 
Theater,”  and  it  discusses  research  in 
the  apjdication  of  sound  to  the  stajre 
performed  by  the  author  at  Stevens 
Institute  of  Technolojry  and  at  various 
lejritimate  theaters.  Of  the  two  sijr- 
niticant  components  of  the  show,  visual 
and  auditory,  one,  the  visual,  has  been 
subject  to  control  and  by  the  same 
token  is  flexible  enou^rh  to  jjive  consid¬ 
erable  .scope  to  the  artist  in  the  theater. 
.Ml  the  audience  sees  depends  upon 
the  lijrht  ori^rinatinj;  on  or  reflected 
from  the  sta>;e.  The  artist  in  the  thea¬ 
ter  not  only  has  a  flexible  tool  in  lijrht, 
he  has  a  considerable  body  of  knowl- 
edj:e  which  makes  it  possible  for  him 
to  fret  definite  predictable  results  with 
the  visual  components  of  the  show.  With 
respect  to  the  auilitory  components  of 
the  show,  however,  we  are  still  in  a 
sub-primitive  condition.  We  have  been 
handicapped  in  our  effort  to  control 
sound  by  limitations  inherent  in  the 
source.  A  harp  can  only  play  so  loud, 
a  siiifrer  sinf?  so  hifrh.  I'rop  wind 
conies  only  from  where  the  wind  ma¬ 
chine  is  placed.  The  I’ilfrriiiTs  Chorus 
can  move  only  so  far.  The  research 
profrram  was  first  devoted  to  the  re¬ 
moval  of  the  limitations  on  the  con¬ 
trol  of  sound  so  you  can  have  the  kind 
of  sound  you  want,  where  you  want  it, 
when  you  want  it  and  the  way  you 
want  it,  and  second  to  the  exploration 
of  the  means  by  which  audience  re- 
.sponds  to  the  auditory  aspects  of  the 
show  may  be  discovered. 

If  the  limitation  on  the  control  of 
sound  in  the  theater  is  removed, 
there  must  be  learned  what  sound  must 
and  can  do  in  the  theater.  The  uses 
of  Sound  were  known  centuries  afjo. 
Control  limitations  only  narrowed  their 
scope.  First  the  actor  must  be  heard. 
After  that  sound  can  be  used  to  estab¬ 
lish  local  atmosphere  and  moods  and 
as  an  independent  arbitrary  emotional 
stimulus,  as  an  actor  to  reveal  charac¬ 
ter  to  advance  the  plot  all  these  in¬ 
dependently  or  counterpointinp:  or  rein- 
forciiifv  their  equivalent  in  the  visual 
component  of  the  show.  It  must  also  be 
known  which  aspects  of  sound  are 
theatrirally  useful  and  it  is  apparent 
at  once  that  there  isn’t  any  aspect  that 
***Iri^‘  niust  be  controlled. 

The  legitimate  theater  has  a  differ¬ 
ent  size  audience  almost  every  night  and 


a  differetit  set  almost  every  scene.  The 
acoustic  variations  thus  introduced  are 
obvious.  Unless  they  are  provided  for 
in  the  design  of  the  theater,  the  house 
is  obsolete  before  the  curtain  ever  goes 
up.  It  is  suggested  by  Mr.  Burris- 
Meyer  that  theater  designers  give  con¬ 
sideration  to  Sidney  Wolf’s  precepts  to 
the  effect  that  the  theater  of  the  future 
will  be  acoustically  dead  and  all  sound 
will  be  distributed  and  given  the  re<i- 
uisite  reverberations  by  thermionic 
amplification. 

The  author  gives  little  information 
about  the  apparatus  used  because  he 
says  the  experimental  apparatus  is 
completely  redesigned  and  rebuilt  as 
often  as  a  problem  comes  along  which 
can’t  be  .solved  with  the  equipment 
available.  Mr.  Burris-Meyer  concludes 
his  paper  with  an  admonition.  “If  you 
can’t  reproduce  sound  well  enough  to 
prevent  the  audience  guessing  that  you 
have  a  sound  system,  throw  the  sys¬ 
tem  out.  Get  your  dramatic  effect  some 


other  w’ay.  You  can’t  escape  sound. 
Badly  handled  sound  is  worse  than 
scenery  that  falls  down.  It  destroys 
utterly  any  illusion  the  actors  have 
managed  to  create.” 


•  •  • 

PoHlTS  of 
Various  Metals 

.A.n  article  ok  i.nterest  to  vacuum  tube 
engineers  and  others  working  with 
high  vacuums  appears  in  the  F’ebruary 
llflO  issue  of  the  Journal  of  Applied 
1‘hjisics.  Its  title  is  “An  Investigation 
into  the  Gettering  Powers  of  Various 
Metals  for  the  Gases  Hydrogen,  Oxy¬ 
gen,  Nitrogen,  Carbon  Dioxide  and 
Air”  and  the  authors  are  Louis  F. 
Ehrke  and  Charles  M.  Slack.  The  met¬ 
als  investigated  include  magnesium, 
aluminum,  barium,  misch  metal  (active 
constituents  are  largely  cerium  and 
lanthanum),  thorium,  uranium,  and 
zirconium.  Barium  was  tested  in  sev¬ 
eral  of  its  various  commercial  forms. 

The  gettering  powers  of  diffuse  lay¬ 
ers  of  the  metals  produced  by  vapor¬ 
izing  the  getters  in  the  presence  of  a 
gas  and  the  bright  deposits  produced 
by  vaporization  in  a  vacuum  are  com¬ 
pared  and  the  superior  results  obtain¬ 
able  from  the  first  mentioned  con¬ 
firmed.  The  effect  of  temperature  on 
the  keeping  powers  of  the  various  get¬ 
ters  is  di.scussed.  Aluminum  and  mag- 


FRK(,H  ENCV  MODI  LATION  BEFORE  THE  FCC 


Edwin  H.  Armstrong  (left)  explaining  his  method  of  noiseless  broad¬ 
casting  to  James  L.  Fly.  chairman  of  the  Federal  Communications  Com¬ 
mission  during  the  FCC's  recent  hearing  on  frequency  modulation. 
One  of  the  first  superheterodyne  receivers,  developed  by  Major  Arm¬ 
strong,  is  being  examined.  A  full  report  of  hearing  appears  on  page  14 
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the  8-foot  stop  depressmjr  the  mid-  ! 
die  A  key  gives  the  expected  tone 
frequency  of  440  cps.  The  same  key  j 
with  the  16-foot  stop  gives  the  oc-  ' 
tave  below  and  the  4-foot  stop  the 
octave  above  middle  A. 

In  this  case  there  are  seven  stops 
which  can  be  quickly  set  up:  (1) 
16  feet  alone;  (2)  8  feet  alone;  (3) 

4  feet  alone;  (4)  16  feet  and  8  feet  i 
together;  (5)  8  feet  and  4  feet  to¬ 
gether;  (6)  16  feet  and  4  feet  to¬ 
gether;  (7)  16  feet,  8  feet,  and  4 
feet  together.  Other  combinations 
take  into  consideration  the  bass  and 
treble  tone  controls.  A  general  ob-  i 
jective  is  to  determine  the  thinne.st 
timbre  (rich  in  upper  harmonics')  | 
and  the  thickest  timbre  (strong 
fundamental  and  weak  in  overtones) 
and  divide  the  stops  between  these 
extremes.  Another  desirable  pair  of 
stops  is  (1)  strong  volume  treble  | 
section  tapering  down  to  weak  bass  ; 
section;  (2)  the  reverse.  Also  the 
16  feet,  8  feet,  and  4  feet  stops 
may  be  combined  in  percentages 
other  than  100  or  zero  when  the 
separate  channel  mixing  system  is 
used.  It  is  impractical  to  give  more 
specific  directions  on  setting  up  the 
timbres  since  tastes  and  the  instru¬ 
ment  itself  vary  so  much.  That  is, 
one  instrument  may  have  just  one 
bank  of  reeds  while  another  may 
have  a  half  dozen  or  more. 

To  aid  setting  up  the  timbres,  one 
button  of  the  switch  should  be 
selected  to  throw  on  manually  oper¬ 
ated  controls  for  each  reed  bank,  the 
bass  and  treble  tone  controls  and 
volume  control.  Thus  one  may  mix  i 
the  tones  at  will  and  use  this  arrange¬ 
ment  to  compare  with  the  stops  pre¬ 
viously  set  up.  The  six  knobs  of  the 
potentiometers  (assuming  separate 
channel  system  for  inputs)  may  be 
inside  the  console,  or  left  outside  for 
the  musician  playing  the  finished  in¬ 
strument  to  modulate  from  one  tim¬ 
bre  to  another  in  continuous  fa.sh- 
ion  rather  than  to  break  up  the  tone 
continuity  by  pushing  another  but¬ 
ton  to  obtain  a  different  timbre. 

The  loudspeaker  volume  output  for 
a  given  gain  setting  should  be  about 
the  same  for  all  the  stops,  since  the 
swell  pedal  can  cover  the  full  range 
from  minimum  to  maximum  undis¬ 
torted  amplifier  output. 

It  is  hoped  that  this  general  de¬ 
scription  will  be  found  sufficiently 
clear  and  complete  to  enable  the  ex¬ 
perimenter  to  carry  out  the  con¬ 
struction  of  an  electronic  organ. 


TMME]\ 1/930! 

as 

NOW  1/9/01 


UNIVERSAL  follows  no  bealen 
paths,  but  blazes  trails  of  its 
own.  First,  with  mirrophones, 
stands  and  accessories,  and  later 
with  recording  niachinrs,  blank 
discs,  needles  and  allied  equip¬ 
ment,  UNIVERSAL  has  pio¬ 
neered  in  this  field  of  science. 

Now  UNIVERSAL  has  more 
than  one  hundred  different 
items  in  its  microphone  list;  as 
well  as  professional,  wax,  in¬ 
stantaneous,  portable  and  other 
recorders,  including  the  new 
Uni-Cord  [78  RPM]. 


umiTMi^' 


JOHNSON 

Phasing  Equipment 


When  KMBC  of  Kansa.  City  selected 
JOHNSON  to  build  the  phasing  equip¬ 
ment  for  their  new  tower,  it  added  an¬ 
other  demonstration  to  the  growing  list 
of  modern  stations  who  have  turned 
JOHNSON  for  precision  equipment  of 
special  design. 

For  17  years,  JOHNSON  engineers  hare 
been  designing  and  building  apparatus 
to  meet  special  problems  and  exacting 
requirements  of  broadcast  and  shortwave 
stations.  This  experience  Is  particulady 
valuable  now  in  view  of  the  forthcoming 
frequency  changes  and  the  attendant 
opportunity  to  modernize  transmitters 
and  Install  directional  antenna  systems. 

If  you  have  a  problem,  w'ite 
S.  JOHNSON.  Catalogs  30lD 

and  966D  free  upon  request. 


ELECTROMCS 


RESISTANCE  TUNED 

AUDIO  OSCILLATORS 


HEWLETT-PACKARD  CO. 

481  Page  Mill  Road  •  Palo  Alto,  California 


nesiuni  and  misch  metal  are  the  most 
active  getters  in  the  presence  of  mer¬ 
cury  vapor,  although  the  commercially 
available  forms  of  barium  may  make 
it  more  suitable  for  this  purpose. 


Solar  Coiiipoiieiit  of 
(Cosmic  Ruvs 


Peifoimonce 


“Solar  Influences  on  the  Cosmic  Kay 
Intensity  at  High  Elevations”  is  the 
title  of  an  article  by  S.  Kortf 

appearing  in  the  January  IblO  issue 
of  the  Journal  of  Franklin  Institute. 
In  an  effort  to  determine  whether  any 
component  of  the  cosmic  radiation 
might  be  of  solar  origin,  balloons  car¬ 
rying  cosmic  ray  measuring  equip¬ 
ment  and  automatic  radio  transmitters 
were  sent  into  the  upper  reaches  of 
the  earth’s  atmosphere.  Ascensions  as 
high  as  80,800  feet  were  made.  The 
article  discusses  the  results  of  four 
such  flights,  tw’o  during  the  daylight 
hours  and  two  at  night. 

A  solar  component  might  be  ex¬ 
pected  to  make  its  presence  known  by 
a  day  to  night  variation  in  the  inten¬ 
sity  of  cosmic  radiation  or  as  an  in¬ 
crease  in  intensity  during  periods  of 
disturbance  on  the  sun’s  surface  such 
as  during  a  solar  flare.  The  variation 
of  the  solar  component  measured  in 
these  tests  is  to  distinguish  from  the 
well  known  diurnal  variation  which 
occurs  at  sea  level  and  is  believed  to 
be  of  terrestrial  origin.  The  variation 
in  the  cosmic  ray  intensity  at  high 
altitudes  investigated  here  was  less 
than  the  experimental  error  of  2  per 
cent  and  was  estimated  to  be  about  1.5 
per  cent  which  indicates  that  the  sun 
is  the  source  of  a  small  portion  of  the 
cosmic  radiation. 


W  DISTUHTIUN-Iass  than  1%  tor  dis 
tortion  maosuraments  on  high  quolity  audio 
aquipmant  and  broadcast  transmittars 


EXCELLENT  STABILITY  — savas  tlma  ba 

causa  NO  ZERO  SETTING  necassary 


Other  Models 
up  to  $150 


WIDE  FBEQDENCY  BANGE  —  modals  avail 

abla  from  5  cps  to  200  000  cps 


mCH  OOTPOT  —  modals  availabla  with  I  to 
5  watts  output 


Ask  Your 
Jobber  for 
CATALOG 
Including 
New  Aeleases 


INEXPENSIVE -tha  Modal  200B  20  20  000 
cps .  1  watt  output— only  $85  80  nat  I  o  b 
Palo  Alto.  California 


Writ*  for  eomploto  information 
about  thoso  and  othor  instrumonts 


Mailed  Direct 
on  Keenest 


Uncoated  WIRE 
and  RIBBON 

„  Direct  Heeled  Emitlen  i. 

VACOOW 


Licensed 


ELECTRICAL 

RESEARCH 

PRODUCTS 

COMPANY 


A  Direct-Readiiijj 
linpedaiioe  Britlgie 

Frequently  when  working  with 
low  frequencies  the  engineer  must  de¬ 
termine  the  impedance  of  a  circuit  at 
a  definite  frequency.  In  such  a  case 
the  circuit  elements  as  such  have  little 
meaning  because  the  impedance  should 
be  thought  of  as  an  entity  Z  rather  than 
consisting  of  components  /?,  L  and  C. 
In  this  regard  it  is  well  to  note  that 
most  bridges  measure  the  component 


CLOSE  SCIENTIFIC  CONTROL 

of  all  specified  characteristics, 

•  CHEMICAL  COMPOSITION 

•  SIZE  and  SHAPE  •  WEIGHT 

•  TENSILE  STRENGTH 

•  ELONGATION 

•  ELECTRICAL  RESISTIVITY 

BARE  WIRES  —  drawn  to 
.0004“  diameter 
RIBBON  —  rolled  to  less 
than  .0001“  thickness 


THE  BRUSH 
DEVELOP¬ 
MENT 
COMPANY 


MICROPHONE 

COMPANY 


Fiq.  1 — Impedance  measurement  by 
comparieon  with  a  known  eeries  re¬ 
sistance 


1915  So.  WESTERN  AVENUE 
LOS  ANGELES.  CALIFORNIA 


ELECTROMCS 


clfiiuMits  and  the  value  of  7.  is  obtained 
rnly  after  a  series  of  calculations.  Mr. 
I,,  ('hretien  in  an  article  on  “Direct- 
Measurinjr  Impedance  Bridge”  in  the 
.lul.V  lh‘V.*  issue  of  L'Oudf  HIref riqiir 
<liscusses  this  problem  and  sujrjrests  a 
solution. 

The  simplest  method  of  measuring 
impedance  is  by  comparison  with  a 
known  series  resistor.  The  combination 
is  operated  at  the  tlesired  frecpiency 


Fiq.  2  Circuit  to  overcome  phase  dit- 
ierence  difficulties 


and  the  voltages  across  the  two  com¬ 
ponents  are  measured.  The  relation 
for  the  impedance  is 

7  =  H  X  K./K,. 

It  is  essential  to  use  instruments  of 
uood  accuracy  and  power  as  pure  as 
possible.  It  is  desirable  to  use  a  nen- 
erator  which  is  known  t<*  yield  lower 
than  2  i)er  cent  harmonics  at  all  fre¬ 
quencies  above  100  cps. 


OXFORD 

Speakers 

Jor 

QonsLstent  Quality 

So  much  is  said  about  the  virtues  of  MASS  PRODUCTION  that 
we  are  often  led  to  believe  it  is  an  end  in  itself  rather  than  the 
means  to  an  end. 

A  though  u’iiiring  ’he  many  advantages  ot  straight  line  production,  the 
management  of  OXFORD-TARTAK  RADIO  CORP.  has  constantly  insisted 
upon  careful  and  painstaUng  craftsmanship  in  the  production  of  every 

OXFORD  SPEAKER. 

This  insistence  upon  care  has  evolved  a  code  of  excellence  within  our 
organiration  which  guarantees  a  product  of  unsurpassed  quality.  This  is  the 
end  to  which  Oxford  constantly  aspires. 

Our  years  of  service  to  the  Radio  and  Sound  industries  is 
preof  of  the  constancy  of  Oxford  qualiry.  Oxford  speakers  are 

puwiiHi  IL 

Accepted  by  Sound  Judgment 

I  Send  us  your  specifications,  or  write  Dept.  E2  for  bulletin  391. 


OHrORD-TnRTRK 

RADIO  CORPORATION 
,  -  ■  - - 

915  W  VAN  BUREN  ST  •  CHICAGO,  U  S  A  » 


_ 

Fiq.  3  Complete  circuit  diaqram  of 
the  impedance  bridqe 


It  is  nut  feasible  to  use  the  circuit 
shown  in  Kijr.  1  as  voltages  K,  and 
h  are  neither  in  phase  nor  opposition. 
The  arrantrement  of  Fijr.  2  overcomes 
this  dirticulty.  When  R  =  Z  there  is 
no  voltatre  difference  between  the  points 
.4  and  (\  the  voltages  applied  between 
A  and  B  and  between  B  and  C  are  of 
the  same  matrnitude  and  of  opposite 
phase.  The  circuit  of  Fip:.  2  can  be 
modified  to  that  of  Fip.  2  through  the 
use  of  two  triodes.  Equilibrium  is  ob¬ 
tained  by  means  of  milliameter  M  which 
holds  its  zero  position  when  the  bridge 
IS  not  energized,  assuming  that  the 
tubes  have  identical  characteristics, 
f  urthermore  the  readings  are  not  af- 
ected  by  voltage  variations  of  the  feed 
network  since  both  tubes  are  symmetri¬ 
cally  connected  and  consequently  do 
not  affect  the  balance  point  of  the 
galvanometer. 
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RA-243 

Filter  Set 

38  ELECTRICAL  FILTER 
COMBINATIONS 

for  acoustic  and  vibration  testing 


HIS  portable  unit  (measuring 
19Vi"  X  12y4"  X  9%")  permits 
segregation  of  high  frequeneies, 
low  frequeneies  or  oetave- width 
bands  at  half-oetave  intervals  from 
50  to  tSOO  eyeles  i>er  see«»nd. 

Having  38  filter  combinations,  this 
set  is  particularly  adaptable,  in  con¬ 


junction  with  a  sound  level  meter,  to 
many  types  of  noise  and  vibration 
testing;  including  sound  fre4]uency 
analysis  in  the  laboratory  , establish¬ 
ment  of  acceptance  standards,  and 
production  acoustic  testing  in  the 
plant.  Fur  full  details,  write  to  our 
Engineering  Laboratories. 


Electrical  Research  Products  fnc. 


SUBSIDIARY  OF 


Western  Electric  Compuny 

19S  BROADWAY,  NEW  YORK 

ENGINEERING  LABORATORIES:  76  VARICK  ST.,  NEW  YORK 


ACCURACY  PLUS 
AT  LOWER  COST 


ElECTRIC  CO.inC 

241  Lafayette  Street 
neui  Vark,  n.  V. 


Time  Cheeking; 

“Checking  the  Accukacy  of  New  York 
City  Telephone  Time  Service”  by  F. 
Ireland  appears  in  the  March  IIMO  is¬ 
sue  of  The  General  Radio  Kxperimeter. 
The  New  York  Telephone  Co.  for  five 
cents,  will  tell  anyone  in  New  York  City 
who  will  call  MEridian  7-1212  the  cor¬ 
rect  time  W’ithin  five  thousandths  of  a 
second.  The  average  person  askinjr  the 
time  has  no  need  for  this  hijrhly  precise 
time  service,  but  it  is  provided  for  the 
benefit  of  jewelers,  astronomers  and 
others  who  may  have  use  for  it.  To 
check  the  accuracy  of  the  service  a 
visual  stroboscopic  device,  the  Time 
Comparator,  was  developed. 

The  instrument  is  essentially  a  llS-kc 
amplifier  which  flashes  a  Strobotron 
lamp  at  the  beirinniiiK  of  each  Arlinjrton 
time  signal  and  at  the  beirinninir  of  the 
time  tone  sent  to  the  telephone  sui)- 
scribei  s.  The  flash  shows  throuirh  a  slif 
in  a  disk  turning  once  per  second  and 
any  variation  in  the  time  as  compared 
to  the  Arlinjrton  siirnal  is  measured  by 
the  space  between  the  Hashes.  The  one- 
hundredth  second  .scale  irraduations  sur- 
roundinir  the  rotatinjr  disk  are  three- 
sixteenths  of  an  inch  apart.  The  nar¬ 
row  slit  permits  readinjr  to  half-divi¬ 
sions  or  five  thousandths  of  a  second. 

The  time  is  checked  each  hour  that 
the  Arlinfjton  time  siirnals  are  trans¬ 
mitted.  The  time  source  of  the  Time 
Bureau  is  the  crystal  clock  at  the  Hell 
I  Telephone  Lalwratories  and  therefore 
j  the  stability  and  accuracy  transmitted 
1  to  the  bureau  are  unquestioned.  The 
Time  Comparator  is  the  final  check  on 
the  operation  of  several  miles  of  cable, 
the  clocks  and  the  pulse  control  relays. 


Elerlrir  (xmlrtillers 


A  PROBLEM  of  increasiiiK  importance 
durinjr  the  past  few  years  is  the  ener- 
Kizinjr  of  electric  fences.  The  fences  are 
used  to  control  the  movements  of  cat¬ 
tle  and  must  not  endanirer  either  the 
lives  of  cattle  or  humans.  A  booklet  cov¬ 
ering  this  subject  entitled  “Electric 
Fence  Controllers”  was  written  by  F. 
Alton  F^verest  of  the  Oreiron  State 
Colleire  Ensineerini?  Experiment  Sta¬ 
tion  with  special  reference  to  equij)- 
ment  ami  methods  developed  for  meas- 
urinir  the  characteristics  of  such  fences. 
The  booklet  briefly  reviews  the  several 
types  of  apparatus  used  to  eneririze 
the  fences  with  the  emphasis  on  safe 
operation.  Most  of  the  space  is  devoted 
to  equipment  and  methods  for  th«‘ 
measurement  of  the  electrical  i)henom- 
ena  which  take  place  in  the  enerpized 
fence. 


Whether  your  application 
need  is  for  automatic 
control,  keying,  change¬ 
over,  aircraft  radio,  etc., 
you'll  get  greater  effi¬ 
ciency  and  dependability 
when  your  assembly  in¬ 
cludes  Kurman  relays. 


NEW!  THE  25  RELAY 


The  OITSTANDING  ADDITIONS  Oil  the 
transmitting  side  of  radio  broadcastinp 
development  in  Enpland  durinp  the 
months  of  HL'V.)  prior  to  the  outbreak 
of  war  in  Europe  were  the  hiph  power 
transmittinp  station  at  Start  I’oint  in 
South  Devon,  and  the  medium  power 
station  at  Clevedon,  near  Bristol.  Both 
of  these  transmitters  were  desipned 
and  constructed  for  the  B.B.C.  by 
Standard  Telephones  and  Cables,  Ltd., 
associated  company  in  Enpland  of  the 
International  Telephone  and  Telepraph 
Corporation. 

The  transmitter  at  Start  I’oint  is  a 
100  kw’  installation  with  a  directional 
radiator  system  phased  on  the  allotte<l 
wave  lenpth  of  2S5.7  meters.  The  sys¬ 
tem  consists  of  two  mast  radiators  each 
■150  feet  in  heipht  spaced  il  of  a  wave 
lenpth  apart  and  so  phased  as  to  ob¬ 
tain  the  desired  horizontal  polar  dia- 
pram.  Each  mast  is  divided  at  a  heipht 
of  310  feet  by  a  compression  insulator 
bridped  by  a  suitable  impedance.  Tht 
medium  power  station  at  Clevedon,  2D 
kw  was  equipped  with  an  omni-direc¬ 
tional  mast  aerial  375  feet  hiph. 

The  introduction  of  tnese  two  sta¬ 
tions  will  pive  a  reliable  service  of  an 
alternative  Repional  propram  to  some 
3,000,000  livinp  on  the  Souih  and 
Southwest  Coasts  of  Enpland  or  in 
the  inland  area  adjoininp. 

Orders  have  been  placed  for  two  new 
Repional  transmitters  each  of  120  kw, 
the  maximum  power  permitted  by  the 
new  Broadcastinp  Convention  at  Mon- 
treux.  These  were  intended  for  serv¬ 
ice  at  Brookman’s  Park  (London  K'- 
pional)  and  Moorside  Edpe. 

Developments  in  quartz  crystal  tech¬ 
nique  applied  to  crystal  oscillators  of 
extreme  accuracy  led  to  the  installation 
of  independent  crystal  drives  at  broad¬ 
casters  sharing  a  common  wave  lenpth 
and  resulted  in  greatly  improved 
synchronization  between  them.  In  10 ’*9 
this  system  of  crystal  drive  was  <'V- 


•  Rugged,  compact  relay  with  low 
power  consumption  of  1.5  watts  and  high 
power  output  of  2,000  watts.  Coin  sil¬ 
ver  contacts — '/i''  Diam.,  cantilever  spring 
action,  self-cleaning  wipe,  Alsimag  non- 
hygroscopic  insulation,  rugged,  compact, 
foolproof. 


THE  SENSITIVE  RELAY 


AIRCRAFT  RADIO  AIDS  IN 
TRAFFIC  CONTROL 


•  High  contact  pressure,  high  operative 
speed  and  full  armature  balance  in  any 
position.  Single  pole,  double  throw,  C 
type  coin  silver  contacts;  rated  to  carry 
2  amperes  at  110  volts.  Precision  ad¬ 
justment.  Coil  will  carry  3  watts  without 
overheating.  Available  for  requirements 
varying  from  2  to  50  milliwatts  input, 
and  loads  as  high  as  1,000  watts. 

Cut  production  as  well  as  experimental  costs 
by  specifying  Kurman  relays  for  the  next  job. 
Write  today  for  descriptive  literature;  no 
obligation. 


New  York  City's  brand  new  Stinson 
police  planes  have  taken  on  as  an 
important  duty  the  control  oi  heavy 
week-end  and  holiday  traffic  from 
the  air.  From  a  vantage  point  high 
above  the  highways,  the  planes 
scout  around  and  find  spots  where 
traffic  is  most  congested  as  well 
as  where  congestion  is  least.  By 
means  of  two-way  radio  service, 
this  information  is  sent  to  police 
cars  on  the  ground  who  can  then 
assist  in  rerouting  traffic 


ELECTRONK  S 


Send  for  Bulletins 


GOAT  TUBE  SHIELD  FEATURES 

that  simplify  set  manufacturing 

6  ONE-STEP 
~  AHEAD 

0  Goat  Tube  Shields  are  one 
J  n  '  I  step  ahead  .  .  .  because  I  — 
H  y  I  they  meet  the  exacting  needs 
II  U  I  of  changing  tube  and  set  de¬ 
ll  H  H  sign  ,  .  .  2 — they  incorporate 
II  I  H  the  soundest  features  of  tube 
II  I  n  engineering  and  design  . . ,  3 — 
y  ^  I H  they  are  available  for  every 
I  conceivable  requirement.  All 

of  vxhich  have  helped  to  make 
Goat  Tube  Shields  the  most 
widely  used  of  any  Inde¬ 
pendent  manufacturer.  Bring  your  tube 
shield  problems  to  Goat  for  quick,  easy, 
economical  solution. 

GOAT  TUBE  SHIELD  FEATURES: 


1  Variety 

2  Maximum  Compact- 


3  Hiqh  Appearance 
Value 


4  Tested  Pertormance 


5  Quick  Service 


GOAT  RADIO  TUBE  PARTS,  inc 

t*  C  ViS  ON  THf  60**  CO.  IS* 

J14  DIAN  iiOOKLYN.  N  T. 


I3S-B  The  No.  136  and 

^  137  Series  also 

•  have  lour  types  oi 

terminals  with  same 
terminal  arranqo- 
ments  as  No.  13S 
I35*C  Series.  Made  up  in 

panels  oi  two  or 
more  terminals. 


i^l3S-D 


tendfd  to  thi*  romaininir  RoTrional  sta-  ^ 
tioiis  in  Knirland  working;  on  exclusive 
wave  lengths.  ; 

The  new  studio  center  at  Queen  ] 
.Mariraiet  (’ollejre.  (llasirow,  second  | 
largest  in  (Ireat  Hi  itain  was  inauiru-  ^ 
rated  late  in  T.tilK  anti  has  jriven  , 
splendid  service  throuirhout  I'.t.’ti).  It 
includes  ten  new  studios  includinir  one 
which  is  larjre  enoimh  to  handle  an 
orchestra  of  10(1  musicians. 

in  order  to  cover  the  increased  re- 
(luireinents  of  existing  zones  and  the 
extension  of  the  Overseas  short  wave 
services  from  Knirland  to  adtiitional  i 
1  parts  of  the  world,  tiew  aerial  arrays  ! 

were  cotistructed  at  the  Overseas  short 
I  wave  stiitioti.  Two  hiirh  powt-r  trans- 
i  mitters  for  the  short  wave  service  were 
lirouirht  into  service  in  Kehruary  and 
1  another  transmitter  was  onleiftl  in 
•inly.  This  hritiirs  the  total  numher  of 
hi^rh  power  short-wave  transmitters 
in  the  Overst-as  service  to  six. 

( 'onsiderahle  further  pro^rress  was 
made  in  Kiprland  in  lOdO  in  the 
lechnique  of  television,  and  the  num¬ 
ber  of  television  outside  hioadcasts  was 
trreatly  incu-ased.  Pictun-s  were  trans¬ 
mitted  sucessfully  over  ordinary  tele- 
phone  lines  up  to  <listanc»‘s  of  four  miles 
,  and  this  enabled  many  protrram  sources 
to  be  linked  to  the  special  balanced 
pair  television  cable  which  circles  the 
central  part  of  London. 

For  outside  broailcasts,  passed  by 
radio  link  from  one  of  the  two  mobile 
units  consist inir  of  scanninir  and  ultra 
1  short  wave  transmittintr  vans,  the  re- 


J  APA>  GKT  S  KLF:(  I  RON 
TIICROSCOPK 


Our  lin*  of  (tandard  parti  is  constaatly 
beinq  incroasod  to  qivo  you  tho  most 
complaia  sanrica  for  Tarminal  Panals, 
Te.'rninals,  Pluqi,  Sockots,  ole.  Spociali 
also  mada  to  your  bluo  print.  Writs  for 
now  cotalog  today.  Addrots  Dopt.  10. 


HOWARD  B.  JONES 

2300  WABANSIA  AVENUE. 
[CHICAGO  ILLINOIS 


Prof.  Sugata  oi  the  Osaka  Technical 
College  with  the  electron  microscope 
which  the  College  has  recently 
acquired.  The  microscope  is  very 
similar  in  appearance  to  that  devel¬ 
oped  by  Ruska  and  his  associates 
oi  the  iamous  Siemens  concern  in 
Germany 


27-145 


MEGACYCLE 
RANGE 

(11.1.2.07  METERS) 

AMPLITUDE/FREQUENCY 
MODULATION 


Model  S-27  is  the  first 
eeneral-coveruEe  U.H.F.  coin- 
mimir.3tions  receiver  to  in¬ 
corporate  Frequency  Modula¬ 
tion  reception.  Covers  3 
bands:  27  to  46  me;  45  to 
84rnc:  81  to  14Smc.  Switch 
chanulnt;  from  FM  to  .\M  re- 
<'epti<in.  .\corn  tubes  in  R.F. 
and  newly  developed  con¬ 
verter  >y>tem.  IfiKh  nain 
1855  tubes  in  I.F.  stages. 
Hearn  power  tubes  and  6C8G 
phase  inverter  in  -A.F.  .Ampli¬ 
fier.  Limiter  tube  provides 
full  limiter  action  on  signals 
of  approximately  5  to  10 
microvolts  in  F.M.  operation. 
955  plate  -  tuned  oscillator. 
I.F.  selectivity  automatically 
sharpened  to  receive  ampli- 
tuile  mudidated  C.fLF.  signals 
or  broadened  for  wide  hand 
frequency  modulated  signals. 
Front  panel  controls:  R.F. 
gain  control.  Band  switch. 
•Antenna  trimmer.  I.F.  se¬ 
lectivity  (air  tuned  iron  core) 
control.  N’olume  control. 
Fitch  Control.  Fone  control. 
S-meler  adjustment  (meter 
calibrated  in  S  and  OB 
units.)  A\’C  switch.  Beat 
oscillator  switch.  Automatic 
noise  limiter  switch.  .Ampli¬ 
tude/' F'requency  .Modulation 
switch.  Seiid-receive  switch. 
Phone  jack. 


iKe  Lalli craf’Fers  inc. 

2607  SOUTH  INDIANA  AVENUE.  CHKACO.  U.  S.  A 


WORLD'S  LARGEST  BUILDERS  OF 


AMATEUR  COMMUNICATIONS 
EQUIPMENT 
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ceivinjr  station  established  on  Hijrh- 
jrate  Hill  in  11>38  as  an  alternative  to 
reception  at  Alexandra  Palace  was  put 
into  jreneral  use.  The  signals  re¬ 
ceived  were  conveyed  from  IliKhjrate 
Hill  to  Alexandra  Palace,  the  television 
hroadcastinjr  center,  at  vision  fre¬ 
quency  by  the  neishborinjr  balanced 
pair  television  cable.  The  receiving 
aerial  at  Swains  Lane,  Hifrhjrate.  was 
a  two-element  array  half  way  up  a 
mast  of  250  feet,  but  experiments  were 
beftun  with  a  rotatable  receivinji:  array 
for  horizontally  polarized  waves  with 
which  a  jrain  of  about  10  db  was  antici¬ 
pated. 

Considerable  projrress  was  made  in 
the  desiprn  of  the  new  Super-Emitron 
camera  by  Marconi — E.M.I.  Experi¬ 
ments  with  a  cathode  ray  type  of  view 
finder  were  most  promisinfj.  This  view 
finder  consists  of  a  small  cathode  ray 
tube  fed  directly  from  the  scanninjr 
equipment.  The  camera  man  thus  sees 
the  picture  in  his  camera  as  it  is  ac¬ 
tually  transmitted  instead  of  on  a 
small  optical  view  finder  as  formerly. 

During  1939  the  British  Broadcasting 
Corporation  co-operated  further  with 
the  Post  Office  and  with  the  British 
Standards  Institution  on  the  subject  of 
the  electrical  interference  with  radio 
reception  and  agreed  standard  specifi¬ 
cations  were  issued  by  the  B.S.I.  on 
“Radio  Interference  Suppression  for 
Automobiles  and  Stationary  Internal- 
Combustion  Engines”  and  “Radio  In- 


*  Llnits  available  for:  Airplanes, 
airships,  marine  ships.  ti)(htin|i  tanks, 
police  radio,  (iovernment  and  indus¬ 
trial  research  laboratories.  collei(es 
and  many  other  uses. 


in  dial  lights,  cables, 
connectors,  moldings 

Typical  answers  to 
such  problems  of  — 


.Available  in  various  capacities 
No  shieldinit  required 
l.iltht  in  weiftht 
Easy  to  install 
Inexpensive 
Efficient 


•  A  largt  radio  set  manufacturar  neadtd  a 
wall  insulatad  compact  connactor  for  a  phono¬ 
graph  motor  that  would  maat  undarwritars 
raquiramants  for  1 10  volt  duty. 


The  Whisk  patented  )tlow-({aseous 
discharfie  tube  combined  with  the 
balancinft  unit  is  designed  to  over¬ 
come  electromafinctic  and  electro¬ 
static  disturbances  as  encountered 
in  tropical  countries. 


•a  An  Aldan  itock  itam  typa  M2P  and_  F 
suppliad  with  laads  mat  all  thair  raquira¬ 
mants  and  othars  which  had  not  baan  antici- 
patad  at  tha  tima  of  tha  original  raquast.  _ 

P.  A.  This  can  also  be  supplied  with 
three  or  four  circuits. 


WHISK  LABORATORIES 


•  A  wire  communication  requested  a  special 
dial  lamp  socket  for  a  particular  application 
where  the  number  to  be  used  was  small. 

it  Temporary  tools  ware  made  and  tha  small 
quantity  ordered  was  shipped  promptly.  _  It 
later  developed  to  a  point  where  production 
quantities  were  ordered. 


STEAK  GETS  LIGHT 
OINCE-OVER 


#  A  relay  manufacturer  required 
a  base  for  mounting  a  sensitive 
relay  to  plug  in  an  octal  tube 
socket. 


A  An  Alden  stock  item  type  108  plug  was 
recommended  and  adopted.  The  customer 
was  also  advised  that  plugs  of  the  same 
dimensions  were  also  available  in  4-5-&-7 
prongs  which  were  later  adopted  for  other 
type  relays. 


Model  No.  rt 

VIBROMETER 


#  A  radio  set  manufacturer  making  a  com- 
bination  radio-phono  recorder  set  required  a 
neat  appearing  shielded  plug  and  socket  for 
a  microphone  cable. 


Used  by  leading  machinery,  air 
craft  and  diesel  engine  builders. 
Colleges,  laboratories  and  construe 
tion  companies. 

Model  29  unequalled  for  determining 
amplitude  of  vibration  and  frequency  ana 
lyzation.  Measures  amplitude  of  vibra 
tion  in  four  ranges  covering  .0001  to  1" 

Model  11  some  as  Model  29  except  minus 
frequency  analyzer,  ruggedly  built  for 
factory  use  and  production  line.  No  cal 
culations,  direct  calibration,  only  one- 
control. 

iirT  29— $290.00  F.O.B. 

11  Cl  Model  11— $150.00  F.O.B 

Write  tor  catalogue  on  other  products. 


A  Alden  supplied  a  stock  grounding  ring 
socket  and  shielded  plug  in  an  antique 
bronze  finish  complete  with  the  shielded 
microphone  cable. 


If  you  have  a  problem  involving  wire  assem¬ 
blies,  cables,  connectors,  dial  lights,  special 
moldings,  or  other  small  assembly,  check  our 
data  sheets  and  then  with  the  factory  for 
the  best  possible  solution. 

Send  for  the  latest  information  on  television 
components. 


Placed  in  a  grill  between  two  250- 
watt  reflector  type  drying  lamps,  a 
prime  cut  of  filet  mignon  sizzles  as 
I.  D.  Hall,  Westinghouse  engineer  at 
Bloomfield.  N.  I.  times  the  operation. 
The  steak  was  pronounced  well 
done  after  nine  minutes  of  exposure 
to  the  infra-red  rays  produced  by 
the  two  lamps  shown 


TELEVISO 


1135  North  Cicero  Avenue 
CHICAGO  U.  ! 


714  Center  St, 


Brockton,  Mass. 


ELECTROMCS 


terfiTonci*  Supprossum  for  1  rolk*y- 
l>ussi*s  and  Trannvays".  Tho  previous 
specification  for  the  “Limits  of  Radio 
Interference”  was  revised  and  re¬ 
issued.  .Attention  was  al.so  directed  to 
the  proldem  of  interference  caused  hy 
electromedical  e«|uipment  on  short  ami 
ultra  short  wave  lenjrths. 


LEADERSHIP! 


SyiK'liroiiisiii  liidirator 

Thk  AiM'l.U'ATKnN  OK  a  ('athode-ray 
tube  circuit  to  the  problem  of  synchro- 
nizin>r  a  L‘f2.d00-volt  line  to  a  bus.  is 
described  in  an  article  entitled  “Cathode 
Ray  Type  Synchronism  Indicator.”  by 
Frederic  S.  Beale,  in  the  .March  IIMO 
issue  of  I Hstninients.  A  type  bK.'i  tube 
is  used  and  the  circuit  is  shown  in  the 
accompanying:  diagram.  The  small  size 
of  this  tube  enables  its  installation  to  be 
made  in  the  best  position  for  observa¬ 
tion  by  the  operator.  Also  because  of  its 
small  size  it  may  be  duplicated  at  other 
convenient  points  by  connectinjr  addi¬ 
tional  tubes  in  parallel  with  it. 

In  the  diagram,  the  line  L  is  syn¬ 
chronized  to  the  bus  by  means  t>f  the 
switch  S.  To  a  phase  cotuluctor  of  the 
line  a  static  collector  wire  is  electro¬ 
statically  coupled,  and  another  static 
collector  wire  is  similarly  coupled  to  the 
correspondinir  phase  conductor  of  the 
bus.  The  potential  developed  in  each 
of  the  pickup  wires  is  proportional  to 
and  of  the  same  frequency  as  the  poten¬ 
tials  of  the  bus  and  line  to  which  they 
are  coupled.  Before  the  switch  can  be 
closed  the  frecjuency  and  phase  relation 
in  the  bus  and  in  the  line  or  in  the  pick 
up  wire  must  be  identical.  During  syn¬ 
chronism  there  is  no  difference  of  poten¬ 
tial  in  these  two  pickup  wires  and  there¬ 
fore  the  adjustment  is  made  such  that 
the  6F'5  target  shows  a  jrreen  li^ht  pat¬ 
tern  with  only  a  thin  black  shadow. 
With  the  line  of  the  bus  out  of  step  the  I 
thin  line  of  shadow  spreads  out  with  a 
more  or  less  rythmic  opening  and  clos- 
intr  motion.  The  100.000-ohm  resistor 
is  .set  so  that  the  shadow  covers  approx¬ 
imately  a  00  depree  sector  of  the  circle. 

The  indication  piven  by  this  instru- 
nient  does  not  in  it.self  show  whether 
the  incominp  line  has  a  fretiuency  which 
is  hipher  or  lower  than  the  bus  to  which 
it  is  to  be  connected.  If  this  information 
is  required  it  may  be  obtained  by  the  ; 
addition  of  an  amplifier  tube  to  provide 
the  power  needed  to  operate  the  rotation 
indicatinp  device. 


volume  control 
i'dobft  15000/?/''^^  *"'• 


Circuit  diagram  of  synchronism 
indicator  for  power  lines 


for  temperature  control — 

"TOASTMASTER  "depen*  on  WILCO 


Puzzled  over  the  proper  con¬ 
tact  materials  for  your  prod¬ 
uct  ?  Then  do  as  the  McGraw 
Electric  Co.  —  Maker  of 
“Toastmaster  ”  Products  — 
and  thousands  of  other  in¬ 
dustrial  leaders  do.  Consult 
with  —  Wilco  pioneer  in  the 
development  of  scores  of  va¬ 
rying  contact  materials. 

Benefit  from  26  years  of  ex¬ 
perience  in  the  research,  man¬ 


ufacture  and  sale  of  every 
known  kind  of  electrical  con¬ 
tact.  Utilize  products  that 
have  proved  their  accuracy 
and  reliability  under  every 
conceivable  kind  of  labora¬ 
tory  and  field  test.  Write  for 
“Wilco  Blue  Book  ofThermo- 
metals” — The  H.  A.  Wilson 
Co.,  105  Chestnut  Street, 
Newark,  N.  J.  Branch  Off.; 
Detroit,  Mich. ,& Chicago,  Ill. 


WILCO 


ELECTRICAL 

CONTACTS 


PIATINUM  . . .  IRIDIUM  . . .  SllVER  . . .  INLAY  . . .  OVERLAY  . .  .  LAMINATED  . .  .  TUNGSTEN 


WE  FIT  THEM 
TO  YOUR  JOB 

.  .  .  AND  THAT’S  HOW  RELAY 
DEPENDABILITY  IS  ASSURED 


There  is  one  right  way  to  buy  relays;  that  is.  to 
make  sure  they  are  designed  right  in  the  first  place, 
then  specifically  adopted  to  your  application.  This 
is  where  Dunco  comes  into  the  picture  in  a  big  way. 
Backed  with  one  of  the  largest  lines  of  quality 
relays,  timers,  etc.,  and  with  years  of  practical  ex¬ 
perience  in  fitting  them  to  the  specific  needs  of 
leading  users.  Dunco  engineers  are  in  an  enviable 
position  to  help  you  get  the  most  lor  your  relay 
dollars  in  terms  of  dependability  and  long,  trouble- 
free  performance. 

Write  tor  the  Dunco  Relay  Book 
— free  upon  request 

H  STRUTHERS  DUNN.  Inc. 

'  1326  Cherry  Street,  Phila.,  Po, 


li  «*’ 


Bunco 

* 'Tailor-made”  for  Discriminating  Users 
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FREQUiNCY  RANGE:  20  t® 
17.000  cyckt. 

IMPEDANCES:  Did  stkcNoii  o# 
Hs«fd  ii€*work  Inpd 
impedancM. 

MISMATCH  ADDITIONS;  No 
oddttloiis  Bocossory  for  chans* 
...  oo  o*  inqiedanc*. 

type  4C  transmission  measuring  SET..>JaD.W 

Writ*  for  odrfitioool  to«fcol«oi  iofor*otl#o. 

THE  DAVEN  COMPANY 

LIuMMiT  Sm^T  NEWARK,  NEW  JERSEY 


^REFERENCE  LEVEL:  N*w  sfand- 
crd  of  1  mw.  In  600  ohms. 
METERS:  N*w  Typ*  30  sfond- 
ords. 

ATTENUATION  RANGE:  Z*ro 
to  110  db.  in  stops  of  1  db. 
POWER  RANGE:  Callbrat*d 
from  —16  to  +65  db, 


Tlio  Typo  6C  was  devolopod  in  co-ordination  with  the  engineering  department 
of  the  Columbia  Broadcasting  System. 


Searchligh 

(  Clagfifled  t 

;  "OPPORT 

UNDISPLAYED  - R 

10  Cents  a  Work.  Mini.mum  ('iiarce  $2.o0 
I’oeitiong  Wanted  (full  or  part  tiiiip  saliiried 
emplo.vmont  only)  *4  the  above  rates 
payable  in  advance. 

Box  \’umb(r» — Cure  of  publication  New 
York,  Chicaeo  or  San  Francisco  offices 
count  as  10  words. 

Dieeount  of  10%  if  foil  payment  Is  made 
in  advance  for  4  consecutive  insertions. 

\j  Section 

drertining  ) 

[  INITIFC'  =  equipment 

UINI  1  ICO  :  USED  OR  RESALE 

AXES -  DISPLAYED 

Imliriilual  Spaeen  with  Uirder  rules  for 
prominent  display  of  advertistunents. 

Tlie  advertisini:  rate  is  $0.00  ;M‘r  iiicti  for 
all  advertisinir  appeurina  on  otlier  than 
a  coiitrai-t  basis.  Contract  rates  quotevi 
on  rtspicst. 

.4n  advertixino  inch  is  measiirisl  ’s'  ver- 
tii-ally  on  a  column — 3  colnmns--30 
incht-s  to  a  |iUKe. 

1 

POSITION  WANTED  FOR  SALE 


RESPONSIBLK,  well  educated  engineer,  E.  E. 

degree  from  leading  university,  27,  author 
Electronics  article  1939,  permanent  shift  from 
utility  business  to  established  manufacturer  or 
broadcaster.  Experienced  in  design,  construc¬ 
tion,  installation  and  operation,  broadcast  and 
aircraft  equipment.  Liocation  unimportant. 
PW-231,  Electronics,  330  W.  42nd  St.,  New 
York,  N.  Y. 


DEPENDABLE 

I  Used  I 

I  ELECTRONIC  TUBE  EQUIPMENT  | 

I  A  complete  line  of  used  equipment  for  the  manu-  I 
:  facture  of  Radio  Tubes,  Neon  Tubes,  Incandescent  I 
:  Lamps,  etc.  I 

I  Write  for  Bulletin  showing  savings  from  25  to  759fc  | 

I  EISLER  ELECTRIC  CORP.  1 

I  534  39th  Street,  Union  City.  N.  J.  | 


HIGH  GRADE  USED 


I  ELECTRON  TUBE  MACHINERY  | 

I  Huge  Stock  of  Every  Type  and  Variety  I 
I  KAHLE  ENGINEERING  CORPORATION  i 
:  Specialists  in  Equipment  for  the  manufacture  of  : 
I  Neon  Tubes.  Radio  Tubes.  Incandescent  latmps,  i 
i  Photo  Cells,  X-ray  Tubes,  etc.  : 


5, 


»00  DeMott  St..  North  Bergen,  N.  J. 


General  Radio  and  Leed.s  Northrup  precision 
Laboratory  apparatus  for  sale  reasonable. 
For  list  write  Oliver  Riddel,  1332  Hood  Ave¬ 
nue,  Chicago. 

. . . . . 

I  YOUR  ORCANIZATION  | 

I  Is  if  complete? 

I  Are  you  expanding  it? 

I  Making  replacements? 
i  Naturally,  you  are  anxious  to  se-  I 
I  cure  the  most  suitable  man  or  men  | 
I  available.  You  want  men  with  the  j 
I  special  training  that  will  make  | 
I  them  an  asset  to  your  organization.  | 
I  You  can  contact  such  men  through  | 
I  a  Position  Vacant  advertisement  in  j 
i  the  Searchlight  Section  of  ELEC-  I 
I  TRONICS  I 


I 


Coaxial 

Loudspeakers 

{Cotitinued  from  page  35) 

operator  and  be  heard  in  the  re¬ 
ceivers. 

The  characteri.'<tics  of  the  studio 
microphone  are,  of  course,  as  im¬ 
portant  as  those  of  the  loudspeaker 
in  determining  the  overall  per¬ 
formance  of  a  system.  This  obvious 
fact,  however,  is  sometimes  over¬ 
looked  in  passing  judgment  on  a 
loudspeaker’s  rendition  of  broadcast 
reception.  The  layman’s  beautifully 
straightforward  and  simple  theory 
that  anything  wrong  with  the  sound 
must  he  the  fault  of  the  loudspeaker 
because  that  is  where  the  sound 
comes  from  seems  sometimes  to  he 
shared  by  those  who  are  not  so  lay. 
However,  considerable  effort  was 
spent  on  loudspeakers  and  circuits 
before  it  was  fully  realized  that  the 
reason  for  the  devastating  shrillness 
of  the  violins  resided  elsewhere. 

There  are  probably  still  in  use  to¬ 
day  many  dynamic  microphones  of 
an  older  type  whose  field  calibra¬ 
tions  disclose  peaks  as  large  as  8  dh 
in  the  high  freipiency  range.  Such 
irregularities  cannot  he  dealt  with 
successfully  by  electrical  eciualiza- 
tion  hecau.se  at  least  part  of  the  high 
freipiency  rise  is  a  function  of  the 
angle  of  incidence  of  sound  upon  the 
microphone.  The  presence  of  these 
defects  is  usually  unsuspected  when 
listening  with  ordinary  radio  re¬ 
ceivers  having  a  generally  falling 
high  frequency  response  and  nearly 
complete  cut  off  at  5000  cps.  They 
are  sometimes  distressingly  revealed, 
however,  when  one  lis’ens  over  an 
extended  frequency  range  system 
known  to  he  free  from  significant 
irregularities.  When  talkers  of  the 
type  inelegantly  but  expressively 
characterized  as  “sjjitty”,  speak 
close  to  such  a  microphone  the  n- 
sults  over  a  high  fidelity  receiving 
system  sometimes  approach  the  ab¬ 
surdity  of  a  “sound  effect”.  Another 
type  of  talker  appears  to  deliver  a 
strong  air  current  along  with  speet  h 
(no  political  references  intended) 
which  at  close  range  produces  eddies 
within  or  around  some  microphcie 
structures  and  gives  rise  to  a  dis¬ 
turbing  hissing  and  roaring  accom¬ 
paniment.  At  the  other  end  of  the 
frequency  scale  are  the  bass  boosting 
effect  of  talking  too  close  to  an  un- 
equalfzed  ribbon  microphone  and  the 
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EXPERIENCE 

AlONS 
DOES  NOT 
ASSURE  ^ 

success^ 


t 

•  Experience  PLUS  Technical  Training 
Prepares  You  for  Advancement  in 

RADIO  &L  TELEVISION 

—  ENGINEERING  — - 

Years  of  experience  on  a  routine  Job  does  not  in 
itself  prepare  a  man  for  a  more  advanced  posi¬ 
tion.  Radio,  Facsimile.  Television  ....  are 
offering  constant  new  opportunities  through  new 
developments.  But.  experience  alone  cannot 
qualify  you  for  a  Job  that  demands  ability 
based  on  specialization  and  modern  training. 
The  better  job  that  you  want  must  be  earned 
in  your  spare  time.  Hundreds  of  men  in  every 
branch  of  the  radio  industry  are  improving  their 
knowledge  and  jobs  by  training  in  their  spare 
time.  CREI  home-study  courses  prepare  you  for 
a  definite  career  by  backing  up  your  experience 
with  modern  technical  training. 

Write  for  FREE 
New  illustrated  boohlet 

"A  1  esit’tl  Plan  for 
A  l  iitiire  in  Radio” 

In  fiiir  cfTort  to  IntfilixHilly 
triovtiT  >  iiir  itiijuirv  iilfii’ir 
lUlf*  >t*ur 

fdUfMfioN  un<i  pttnrnt  punitutn. 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

DEPT.  E-4.  3224-I6TH  ST.  N  W..  WASH..  0.  C. 


BETTffi 


D  riii‘  roinliiiialitfii  of  lii^li  ten* 
silo  slnMi^rtli  that  a.'*stir«*f»  a  last¬ 
ing  hoiul.  anil  faster,  cleaner 
tMirlv  iiiatle  |H>s.sihh*  hy  <|iiirk- 
aelinji  flux  of  pure  water  white 
ro»in.  has  fiiven  (iarrliner  Ho.«iii- 
Core  Solders  an  oiitstainlin^ 
reputation  for  eflieieney  and  eeo- 
notny  on  radiiy  work  hy  expert 
or  aniateiir.  ^  et,  due  to  niodern 
prodiK'tion  methods  ami  hig 
sales,  (vardiner  Solders  eost  less 
tli.iii  even  ttrdinary  kinds.  .Made 
in  various  alloys  ami  core  sizes 
•  .  .  and  in  gauges  as  small  as 
l/.'i2  of  an  inch  ...  in  1.  5  ami 
20  Ih.  spools. 


tlB9  S.  Campbell  Avenue  Chicaco,  III. 
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carpet  beater  illu.sion  produced  by 
this  .same  combination  and  a  talker 
who  bears  down  heavily  on  “puh”. 

There  lately  has  been  much  im¬ 
provement  in  available  microphone 
characteristics.  The  miniature  con- 
den.ser  microphone  originally  de-  | 
signed  as  a  measuring  tool  some  ; 
years  ago  by  Harri.son  and  Flanders' 
is  now  being  u.sed  in  commercial  ' 
practice.  Kxperience  with  this  in-  : 
strument  in  measurement  work  and 
as  a  .sound  pick-up  in  aural  tests  of  ' 
louds|)eakers  has  been  very  gratify¬ 
ing.  When  efjuipped  with  a  small 
wind  .screen  it  can  be  used  for  clo.se 
talking  with  none  of  the  undesirable 
effects  mentioned  above.  Later  ' 
microphones  of  the  uni-directional  i 
type  also  appear  to  offer  possibilities 
of  more  natural  overall  results. 

One  does  not  realize  how  far 
studio  conditifvns  of  sound  pickup 
.sometimes  depart  from  those  of 
usual  direct  audition  until  he  has 
listened  to  a  large  number  of  differ¬ 
ent  programs  over  a  system  of  known 
high  fidelity.  One  of  the  problems 
of  microphone  placement  in  the  past 
appears  to  have  been  the  difticulty  of 
getting  the  violins  in  an  orchestra 
to  "come  out”  in  the  reproduction  as 
afforded  by  ordinary  loud  speakers. 
('onseAiuently.  the  tendency  has  been 
to  place  the.se  instruments  close  to 
the  microphone.  Now,  when  we  listen 
to  such  an  arrangement  over  a  truly 
high  fidelity  system,  we  are  con- 
.scious  of  .so  much  .scraping  and 
creaking  noise  accompanying  the 
music  that  it  may  detract  from  ap¬ 
preciation  of  the  extended  fre- 
(luency  range.  The  explanation  is 
connected  with  the  fact  that  we 
seldom  if  ever  listen  to  actual  per¬ 
formances  at  as  short  distances  as 
microphones  are  commonly  placed. 
Nor  are  the  bowed  instruments  the 
only  offenders  in  this  respect.  Too 
often  when  listening  to  solo  per¬ 
formances  over  wide  range  systems 
are  we  con.scious  of  the  breathing 
I  noi.ses  of  singers  or  the  clatter  of  the 
j  key  mechanism  of  woodwind  instru¬ 
ments  or  accordions.  When  the  lis- 
'  tening  is  done  over  ordinary  re¬ 
ceivers  with  their  customarily  re- 
I  stricted  frequency  range,  the  noises 
1  above  referred  to  are  usually  not 
j  recognized  because  so  many  of  their 
I  essential  frequency  components  lie 
I  outside  the  receiving  system  range. 

Noise  leaking  into  studios  and 
poor  studio  acoustics  appear  to  be 
among  the  reasons  for  close-up 


it  CLAROSTAT  salutes  ELECTRONICS  on  the 
occasion  oi  its  Tenth  Anniversary.  The  past 
decade  has  meant  rapid  and  steady  proqress 
for  both.  While  ELECTRONICS  has  so  ably 
chronicled  radio  and  electronic  developments, 
CLAROSTAT  has  been  privileged  to  concen¬ 
trate  and  specialize  in  supplying  better  and 
still  better  resistors,  controls  and  resistance 
devices  so  essential  to  progress. 


it  Today  CLAROSTAT  is  supplying  "Tougher 
than  Ever"  components.  Greenohms,  for  ex¬ 
ample,  have  set  new  standards  for  power 
resistors,  due  to  their  unique  and  exclusive 
inorganic  cement  coating  developed  alter 
years  oi  search  and  research,  -jk  fust  added 
to  the  line  are  CLAROSTAT  Series  HTA. 
HTAA,  HTB  and  HTBB  general-utility  resistors. 
Many  applications  will  be  iound  lor  this  new 
metal-enclosed  utility  resistor.  Periorated  metal 
housing.  Legs  lor  mounting  on  bench  or  panel. 
Four  types:  HTA,  7S-watt  mole  and  iemale 
receptacles;  HTAA,  ISO-watt  male  and  iemale 
receptacles;  HTB,  75-watt  iemale  receptacle 
and  3'  extension  cord;  HTBB,  ISO-watt  iemale 
receptacle  and  3'  extension  cord. 

Submit  that  Problem  . . . 


Our  rnqineers  will  gladly 
collaborate  in  supplying  proper 
units,  application  recommend¬ 
ations,  specs.,  quotations. 

Be  sure  you  have  our  loose- 
leaf  engineering  data.  Copy 
on  request. 

CLAROSTAT 
MFG.  CO.,  Inc. 

28S-7  N.  6th  St. 
Brooklyn,  N.  Y. 
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microphone  i)lacement.  The  first 
of  these  demands  the  close  pick¬ 
up  to  secure  a  satisfactory  sijrnal 
to  noise  ratio.  In  addition,  studio 
noise  is  by  itself  more  troublesome 
when  programs  are  received  over 
wide  fre(pu’ncy  ran^^e  systems  be¬ 
cause  the  noises  are  rei)roduced  with 
such  naturalness  as  to  be  readily 
identified  and  therefore  distractinjr, 
as  contrasted  with  the  ^amerally  in¬ 
determinate  character  of  such  sounds 
when  heard  over  ordinary  radio 
eijuipment. 

It  is  not  sujrK^^sted  that  micro¬ 
phones  be  placed  at  oi)timum  direct 
listening  distance  regardless  of  ex¬ 
perience  and  the  welt  known  mon¬ 
aural  difference.  It  is  believed, 
however,  that  more  natural  sounding 
pick-up  for  hi^h  fidelity  reception 
reipiires  working  toward  the  maxi¬ 
mum  rather  than  toward  the  min¬ 
imum  distance  and  that  conditions 
which  prevent  the  attainment  of  this 
end  should  be  rectified. 

The  effects  complained  of  above 
are,  in  Kt*neral,  the  exception  rather 
than  the  rule.  The  reception  of  most 
local  station  programs,  even  those 
transmitted  over  wire  networks  with 
a  5000  cps  cutoff,  is  much  more  en¬ 
joyable  over  a  hi^'h  fidelity  receiver 
equipped  with  a  loudspeaker  system 
of  the  type  described,  becau.se  the 
overall  response  of  such  a  receiver 
is  substantially  flat  over  a  wide  fre¬ 
quency  ran^e,  whereas  the  ordinary 
"standard  fidelity”  receiver  is  not 
only  well  on  its  way  out  at  5000  cps. 
but  its  response  is  not  smooth. 

The  full  possibilities  of  a  ^^ood 
hijfh  fidelity  receiver  can  only  be  en¬ 
joyed  on  present  conventional  broad¬ 
casting  when  the  pro^rram  is  picked 
up  locally  over  wide  band  circuits  anti 
received  at  hijfh  field  strenjrth.  Kven 
small  dance  orchestras  heard  under 
these  conditions  appear  to  take  on 
new  life  and  percu.ssion  instruments 
whose  presence  ordinarily  would  l>e 
unsuspected  can  be  identified.  Larye 
symphony  orchestras  are  reproduced 
with  a  thrilling  degree  of  realism. 
We  may  expect  even  greater  realism 
with  the  increa.sed  dynamic  range 
promised  for  frequency  modulation 
transmission  systems  and  made  pos¬ 
sible  by  their  low  noise  level. 


RESISTOR 
PRORLEM : 


•  The  many  types  of  Globar  Ceramic  Resistors  are 
solving  difficult  resistance  problems  every  day.  Our 
competent  staff  of  engineers  are  at  your  service  with¬ 
out  obligation. 

When  writing  please  include  such  information  as 
diagram  of  circuit,  function  of  resistor,  physical  limita¬ 
tions  and  electrical  specifications. 


GLOBAR  DIVISION 

THE  CARBORUNDUM  COMPANY,  NIAGARA  FAILS,  N.  Y. 


PenMAHSAfT  MAGNETS 


ALL  SHAPES  —  ALL  SIZES 
\  FOR  ALL  PURPOSES 

,\  Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
.  \  sten.  Cobalt  and  ALNICO**  (cast  or  sin- 
^  I  tered)  under  G.  E.  license. 

W  THOMAS  &  SKINNER 

0  STEEL  PRODUCTS  COMPANY 

HU  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 


WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 


Zophar  offers  prompt  sorvico  on  Insulating  Compounds  tor 
a  wide  variety  ot  alaetrieal  applications,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  po»or 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXK  for 
radio  parts. 

Soecial  comooends  maoe  to  vonr  oroer. 


ZOPHAR  MILLS  INC 


^  f:irr.  Kiig.,  .Fmi, 

Aroun.  Si 
104.  ElrrlroniCH, 


Brooklyn,  N.  Y 

POUNDED  1  144 


ELECTRONICS 
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THE  INDUSTRY  IN  REVIEW 


Neu  Miilli-Pallerii  Cardioid  Mirrophoiie 


Response  patterns  available  with  the  Western  Electric  Multi- 
Mike.  The  hyper-cardioid  patterns  are  obtained  by  varying  the 
attenuation  of  the  dynamic  unit  relative  to  the  ribbon  unit 


Anew  canlioid  microphone,  the 
Multimike  (Type  tWilB)  in  which 
the  response  pattern  is  adjustable  to 
the  studio  or  auditorium  conditions  has 
recently  been  introduced  by  the  West¬ 
ern  Electric  Co.,  1115  Broadw’ay,  New 
York.  In  addition  to  the  three  charac¬ 
teristics  available  with  the  original  car¬ 
dioid  microphone,  i.e.,  the  non-direction- 
al,  the  bi-directional  and  the  cardioid, 
the  new  instrument  provides  three  new 
hyper-cardioid  patterns,  each  with  tw’o 
areas  of  deadness  extending  radially 
from  the  rear  of  the  Multimike.  The 
desired  pattern  is  obtained  by  means  of 
a  six  position  switch  located  on  the 
rear  of  the  casing  and  which  changes 
the  degree  of  attenuation  of  the  output 
of  the  dynamic  element.  The  accom¬ 
panying  diagram  illustrates  the  shapes 
of  the  various  patterns  and  indicates 
the  dead  spots  in  the  three  hyper- 
cardioids.  The  dead  areas  are  actually 
dead  volumes,  that  is,  if  they  could  be 
maile  visible,  they  would  appear  as 
cones  of  insensitivity  radiating  into 
space  from  the  rear  of  the  microphone. 

The  frequency  range  is  from  40  to 
10,0(»0  cps  and  the  output  is  minus 
84  db  referred  to  1  volt  per  dyne  per 
sq  cm.  The  impedance  is  30  ohms. 
The  new  instrument  weighs  3  pounds 
and  4  ounces  and  its  dimensions  are 
"J  inches  high  by  3i‘*  inches  wide  by 
4A  inches  deep.  It  is  finished  in  an 
aluminum  gray  color.  There  is  avail¬ 
able  a  complete  line  of  desk,  floor  and 


suspension  stands  and  other  accessories 
for  (quickly  changing  from  one  type  of 
microphone  to  another  without  discon¬ 
necting  the  cord. 

The  u.sefulness  of  the  new  instrument 
is  apparent  in  reverberent  halls  where 
the  hollow  sound  usuallv  associated 


with  such  halls  is  reduced  to  a  con¬ 
siderable  degree.  In  public  address 
work,  use  of  the  Multimike  permits  a 
material  increase  in  the  amplification 
before  the  system  howls  due  to  ex¬ 
cessive  feedback  from  the  loudspeaker 
to  the  microphone.  The  increased  am¬ 
plification  permissible  with  the  use  of 
the  Multimike  increases  the  maximum 
allowable  distance  from  the  micro¬ 
phone  and  permits  the  speakers  or 
perfoimers  more  freedom  of  motion. 
In  public  address  work  it  is  only  neces¬ 
sary  to  point  the  dead  spot  of  the 
microphone  at  the  loudspeakers  to  re¬ 
duce  the  feedback.  In  studios  which 
are  not  completely  sound  treated,  the 
dead  spots  are  pointed  at  the  sources 
of  echo  to  reduce  the  undesired  rever¬ 
beration. 

.As  the  response  pattern  of  the  micro¬ 
phone  is  advanced  through  its  various 
pha.ses,  an  increasing  discrimination 
against  random  reverberation  is  noted. 
This  effect  is  at  a  maximum  in  hyper- 
cardioid  pattern  No.  3,  as  shown  in  the 
iliagram.  This  is  the  case  because  the 
directivity  characteristic  changes  as  the 
response  pattern  changes.  In  position 
3,  the  sensitivity  to  sound  from  the 
front  exceeds  the  average  sensitivity 
from  all  directions  by  four  times.  There¬ 
fore,  sound  directly  from  the  front  of 
the  microphone  is  favored  by  a  factor 
of  four  to  one  over  sounds  reflected 
from  random  points  throughout  the 


News- 


Th«  uMiulnsM  oi  this  microphone 
is  greatly  enhanced  by  its  several 
types  oi  response  patterns 


♦  The  new  $700,000  studio  and  labora¬ 
tory  annex  of  Columbia  Broadcasting 
Company,  New  York  City,  is  scheduled 
to  open  on  May  15th.  The  annex  will 
house  seven  studios,  in  which  will  be 
embodied  every  technical  advance  and 
innovations  for  improvement  in  quality 
of  sound  definition  ...  .A  new’  engi¬ 
neering  department  devoted  to  the  gen¬ 
eral  commercial  design  and  production 
of  radio  apparatus  of  all  types,  and  as¬ 
sociated  products  has  been  created  by 
the  Radio  Division,  Westinghouse  Elec¬ 
tric  &  Manufacturing  Company  at 
Baltimore,  Md.  This  new  department 
will  be  known  as  the  Special  Apparatus 
Engineering  Section  and  will  be  under 
the  direction  of  Ralph  N.  Harmon  .  .  . 
A  special  design  service  on  radio  coils 
is  being  offered  to  radio  engineers,  ex¬ 
perimenters  and  firms  having  use  of 
a  single,  or  many  coils.  Barber  & 
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L  CLARE 
RELAYS 


l_AWRENCE  &  LAMON  AVEB.  -  -  CH 

IS  EAST  26TH  STREET..  NEW  YORK  CITY 


NEW  SUPER  HI-POWER  GENEMOTOR 


for  Heavy  Duty  Service 

^*'9^  ffandard  for  Power  Units  used  on  Marine, 
(  iw  Police,  and  Aircraft  Radio.  The  exceptional  Hi  Effi- 

KW,  \  ciency,  small  size,  and  light  weight  are  the  result  of  a 

1  new  type,  one  piece  field  ring,  and  armature  design, 
/pc  [  mi  ^3r/  packed  ball  bearings  require  no  oiling  or  atten- 

\  yA  C  H  tion.  Double  enamel  and  silk  wire  on  armature  insure 

'  *7  trouble-free  operation;  end  dust  cover  removable.  Made 

^  ♦'VO  sizes,  1  50  and  225  watt  output,  up  to  1000  volts, 
'Ci-  input  5.5  volt  and  up. 

150  Waft,  Weight  13 '/i  Ibr.  There  is  a  Carter  Genemotor  or  Converter  for  every 

•  Vk"  Long, 4 V2" Wide,  5"  High  requirement.  Write  for  further  information 


(BARTER  ^OTOR 


1606  MILWAUKEE  AVENUE 


Howard,  East  Ave.,  Westerly,  Rhotle 
Island,  manufacturers  of  i-f,  r-f,  and 
oscillator  coils  and  coil  winders  will  he 
plad  to  assist  by  desiirninjr  coils  suitable 
to  be  used  in  radio  equipment,  custom 
built  sets,  radio  direction  finders,  etc. 
Rewindinir  of  defective  coils  or  duplica¬ 
tion  of  any  coils  needed  is  included  in 
their  services  .  .  .  The  Hewlett-Pack¬ 
ard  Comjiany  is  movinjr  from  its  old 
•luarters  at  IlbT  Addi.son  Avenue  to  new 
and  larirer  (juarters  at  481  Patrc  Mill 
Road,  Palo  Alto,  Cal.  .  .  '.  The  Cana¬ 
dian  Re.search  Institute  have  movetl 
their  laboratories  to  lariter  quarters  at 
4G3  Spadina  Ave.,  Toronto,  Canada. 
They  will  abso  increase  their  staff  .  .  . 
The  offices,  laboratory  and  factory  of 
Radio  Development  &  Research  Corp., 
will  now  be  located  at  DIG  West  fi'ind 
St.,  New  York  City  .  .  .  Elastic  Stop 
Nut  Corp.,  Elizabeth,  X.  .1.  is  buildinir 
a  new  plant  on  Vauxhall  Road,  Union. 
X.  ,1.  which  is  to  be  used  solely  for  the 
manufacture  of  the  corporation’s  ex¬ 
tensive  line  of  self-lockinir  nuts  .  .  . 
Stromberir-C'arlson  Telephone  Mf^r.  Co., 
has  made  several  oriranizational 
chan>res.  Succeedinir  the  late  (leorjre 
A.  Scoville  as  Vice  President  and  (Jeii- 
eral  .Manairer  is  Dr.  Ray  H.  Manson. 
Fred  C.  Younir  now  becomes  (’hief  En- 
jrineer  and  succeeds  Dr.  Man.son  in 
active  charjre  of  the  enirineerinj;  fiuces 
.  .  .  Dr.  .lesse  T.  l.ittleton  has  been 
promoted  by  Corninir  Class  Works  to 
the  new  position  of  .\ssistant  Research 
Director  of  that  Company  .  .  .  The 
.Annual  joint  meetinir  of  the  Institute 
of  Radio  Enirineers  and  the  .American 
Section  of  the  International  Scientific 
Radio  Union  will  be  held  on  April  2Gth 
at  the  National  Academy  of  Sciences, 
Washington,  1).  C.  The  program  of  ab¬ 
stracts  will  be  available  about  April 
15th. 


fvfdence  of  ffte 
vo/ue  of  CLARE 
Serv/ce  and  fht 
quality  of  CLARE 
Relays  is  the  list 
of  prominent  man¬ 
ufacturers  and 
users  who  are  reg- 
u  I  a  r  buyers  of 
CLARE  Individual- 
lied  Relays. 


CLARE  Individualized  Relays  are  designed  to  your 
specifications. 

•Coils — from  a  fraction  ohm  to  40,000  ohms — marked. 

•Contact  Assemblies — makes — breaks — break-make — make 
before  breaks — break-make  before  breaks  and  com¬ 
binations  of  these. 

•Contacts — precision  metals. 

•Residual — screw  adjustable  or  welded  fixed. 

•Adjustment — standard  or  to  special  specifications. 

•Mountings — individual  or  group  mounting  accessories. 

•Service — delivery  to  meet  your  schedules. 


We  respectfully 
solicit  your  inquiry. 


Type  105 . 

MICROMETER 

FREQUENCY  METER 


.  .  .  a  heterodyne-type,  band- 

gpread.  AC-operated  instrument  with 
precision  crystal  calibrator. 


Literature 


F-AI  Transmitters.  Radio  Enirineerint; 
Laboratories,  Inc.,  (3.5-54  3Gth  Street 
I.onfr  Island  City,  N.  Y.)  have  a  book 
let  (No.  259)  available  which  illustrate- 
and  contains  information  on  their  fre 
quency  modulation  tninsmitters  suit 
able  for  high  fidelity  purposes. 


•  Will  measure  any  transmitter,  on  any 
frequency,  up  to  56  me. 

•  One  crystal  calibrator  suffices  for  all 
transmitters. 


•  Percentage  deviation  calibration  for 

each  channel. 

•  Accuracy  better  than  0.01%. 

•  Price,  $135.00,  net,  including  crystal. 


Write  for  further  details 


Mobile  Equipment.  A  four  paire  bulb- 
tin  contains  specifications  and  illustra¬ 
tions  of  the  followinp:  products  of  Kaar 
Fm^ineerinp:  Co.,  Palo  Alto,  Cal.:  Two- 
way  police  radiotelephone  for  mob  Ic 
service,  uhf  police  radio  transmitt*  r, 
uhf  police  radio  receiver,  and  two-w.iy 
police  radio. 


-Aero-Thread  Screw  System.  Bulletin 
T-1  contains  engineering  standards  tmd 
technical  information  on  Aero-Thn  ad 
screws,  studs,  bolts,  tapped  holes  nnd 
nuts.  Manufacturers  who  use  m  ig- 
nesium  and  aluminum  castings  and 
forgings  will  be  interested.  Aircraft 
Screw  Products  Co.,  25-12  41st  Ave., 
Long  Island  City,  N.  Y. 


ELECTRONICS 


llAri^YETTS  RADW 


Precision  Resistor  Company 

mvcr^oTim 


/7  P%e‘lieAAeA  P'lOfluct 


OUTSTANDING  CONCERNS 

REPEAT  and  REPEAT 
AGAIN  and  AGAIN 


THEIR  PURCHASES  OF 


MICROHM 


RESISTORS 


Continued  Preference  is 
Best  Proof  of  Uniform, 
Constant,  Dependable 

QUALITY 

Complete  service  and  advice 
on  any  and  all  of  your  resist¬ 
ance  and  equipment  problems. 


Precision  Resistor  Company 

334  BADG6»  AVtNiUf  •  NifWARK  N  J 


Tube  Service  Manual.  Extensive  and 
up  to  date  information  is  contained  in 
a  .‘}2-pa>re  “PluK-In  Resistor  Tube  Serv¬ 
ice  Manual”  available  for  15  cents  from 
Clarostat  Mfjr.  Co.,  287  N.  fith  St., 
Brooklyn,  X.  Y. 


This  is  ^ 
the  book 
you  haye  ^ 
been  waiting 
for  .... 


Blue  Ribbon  Resistors.  Blue  Ribbon 
resistors  make  a  departure  from  the 
conventional  tubular  type  of  resistors. 
A  one  pasre  bulletin  illustrates  and 
describes  this  new  product  of  Hardwick, 
Hindle,  Inc.,  Newark,  N.  .1. 


we  live  in  two  woilds 

FOR  YOUR  CONVENIENCE 


If  you're  hunting  for  some  radio 
part  that  "went  out"  with  the  gas 
light,  it's  ten  to  one  we've  got  it. 
Or  if  your  heart  belongs  to  the 
Radio  World  of  Tomorrow,  it's  an 
even  safer  bet  we  can  help  you 
there.  We  live  in  two  worlds  and 
the  thousands  of  items  in  our  reg¬ 
ular  stock  reflect  the  whole  history 
of  Radio.  We've  placed  the  empha¬ 
sis,  of  course,  on  today's  demands, 
but  when  we  say,  "everything  in 
radio",  we  mean  it.  Send  for  cata¬ 
log  No.  78  and  see.  It's  FREE. 


Bulletins.  Several  new  bulletins  avail¬ 
able  from  Shallcross  Mf>;.  Co.,  10  Jack- 
son  Ave.,  Collin^dale,  Pa.,  are  as  fol¬ 
lows:  Bulletin  146-1  describes  resis¬ 
tance  standards,  decade  boxes,  and  spe¬ 
cial  parts  for  electrical  measurement. 
Bulletin  146-2  contains  a  number  of 
unique  bridges  which  are  convenient 
for  measuring  d-c  resistance,  high  and 
low  resistance,  conductivity,  etc.;  and 
bulletin  146-3  announces  a  large  num¬ 
ber  of  test  .sets  and  special  apparatus 
used  in  electrical  measuring,  particu¬ 
larly  in  different  phases  of  industrial 
work,  electrical  laboratories,  etc. 


Du 
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Habio  Wive  'lelevi 


THE  ELECTRONICS  OF 
IMAGE  TRANSMISSION 

•y  y.  K.  ZWORYKIN 
and  G.  A.  MORTON 
RCA  Manufacturing  Company 

From  two  men  well  known  in  the 
field  comes  a  book  on  this  newest  of 
practical  means  of  communication. 
Authoritative,  well  organized,  written 
in  direct,  clear-cut  English,  this  vol¬ 
ume  brings  to  radio  and  communica¬ 
tion  engineers,  television  engineers  and 
service  men  more  than  six  hundred 
pages  of  much  needed  factual  material. 
The  first  part  of  the  book  is  devoted 
to  a  consideration  of  the  fundamental 
physical  phenomena  involved  in  tele¬ 
vision — emission  of  electrons,  electron 
optics  and  fluorescent  materials.  This 
is  followed  by  analyses  of  funda¬ 
mentals  of  picture  transmission  and 
resolution;  various  forms  of  electronic 
terminal  tubes  used  in  television; 
problems  of  video  amplification,  radio 
transmission  and  reception,  etc.  One 
of  the  most  important  sections  of  the 
book  is  the  concluding  one,  in  which 
the  RCA-NBC  television  project  is 
described. 

FEBRUARY  1940 

646  pJges;  6  by  9;  494  illustrations 
$6.00 


Silver  Brazing  .\lloys.  Comprehensive 
information  on  the  use  of  silver  brazing 
alloys  for  joining  metals  in  the  marine 
field  are  contained  in  a  reprint  avail¬ 
able  from  Handy  &  Harman,  82  F’ulton 
St.,  New  York  City. 


('inaudagraph  Speakers.  .A  4-page  bul¬ 
letin  which  contains  quite  a  few  illus¬ 
trations  and  other  information  on  Cin- 
audagraph  speakers  is  available  from 
United  "Teletone  Corp.,  150  Varick  St., 
New’  York  City. 


WIRE  WOUND  RESISTORS 


Cetron  Photocell.  Type  CE-23,  a  gen¬ 
eral  purpose  photocell  is  illustrated  and 
described  in  a  bulletin  available  from 
Continental  Electric  Co.,  Geneva,  Ill. 
Another  bulletin  contains  price  sched¬ 
ules  on  various  types  of  Cetron  photo¬ 
tubes.  A  third  bulletin  contains  simple 
photocell  circuits. 


Time  Delay  Relay.  Bulletin  F-2  de¬ 
scribes  the  new  synchronous  motor 
driven  time  delay  relay  manufactured 
by  R.  \V.  Cramer  Co.,  Centerbrook, 
Conn.  The  bulletin  tells  what  this  relay 
does,  its  uses,  design,  construction,  etc. 


ON  APPROVAL  COUPON 

JOHN  WILEY  &  SONS.  INC. 

440  Fourth  Avenue,  New  York.  N.  Y. 
Please  send  me  a  copy  of  ZW’ORTKIN 
AND  MORTON  S  TELEVISION  on  ten 
days’  approval.  At  the  end  of  that 
time,  if  I  decide  to  keep  the  book  I 
will  remit  $6.00  plus  postage;  other¬ 
wise  I  will  return  the  book  postpaid. 

Name  . 

Address  . 

City  and  State  . 

Employed  by  . 

E  4-40 


Phonograph  Needles.  The  Fidelitone 
phonograph  needle  recently  developed 
by  Permo  Products  Corp.,  (6415 
Ravenswood  Ave.,  Chicago),  is  de¬ 
scribed  in  a  bulletin  recently  issued  by 
them. 


El  ECTRONICS 


ELECTRICAL  TESTING 
LABORATORIES  - 

East  End  Avenue  at  79th  St. 

New  York  , 


PlioloelcH'lrie  ('.oloriiiieler 


New  Products 


FORTY  fourth 

anniversary 


Se:vkral  tyi’ks  ok  Lunietron  pliotoelec- 
tric  colorimeters  are  available  from 
Photovolt  Corp.,  Dr.  F.  Loewwenberp, 
10  East  40th  St.,  New  York  City.  Model 
Kl-401  is  for  use  in  KvnofRl  colori¬ 
metric  and  turbidimetric  determina¬ 
tions.  The  unit  is  suited  f*>r  sample 
holders  up  to  I  inch.  It  is  self-con¬ 
tained  with  built-in  pointer  type  jralva- 
nometer;  Model  Kl-402  is  for  accurate 
measurement  of  extremely  transparent 
liquids.  Suited  for  sample  holders  up 
to  0  ins.,  and  has  an  external  point 
type  fralvanometer ;  Model  Kl-401  K  is 
for  use  with  monochromatic  filters 
(abridjred  spectrophotometry).  Suite<i 
for  sample  holders  up  to  1  inch  and 
has  an  external  mirror  type  galvano¬ 
meter;  and  Model  K1-402E,  for  use 
with  monochromatic  filters  and  for  ac¬ 
curate  measurement  of  extremely  trans¬ 
parent  liquids.  Suited  for  sample  hold¬ 
ers  up  to  fi  ins.  External  mirror  type 
galvanometer. 

These  colorimeters  are  useful  for 
opacity  determinations  on  paper  and 
other  translucent  materials,  transmis¬ 
sion  measurements  on  glass  and  other 
transparent  products,  refiection  tests 
on  surfaces,  Tyndall  effect  measure¬ 
ments,  and  measurements  with  mer¬ 
cury-vapor  light  source.  They  operate 
on  110-120  volt,  60  cycle  ac.  for  220- 
240  volts,  for  25  cycles  and  for  dc. 

A  bulletin  is  available  which  con¬ 
tains  complete  information. 


Traiisfoniiers 


The  Kenyo.n  Transformer  Co..  840 
Barry  Street,  New  York  City,  have  an¬ 
nounced  a  complete  new  series  of  trans¬ 
formers  made  in  both  standard  and 
submersion  proof  types.  They  are 
designed  to  plug  into  an  11 -prong  octal 
socket  and  are  neat  in  appearance. 
Units  are  manufactured  in  the  follow¬ 
ing  types:  line  to  line,  crystal  mike  to 


Services  here 


for  all  readers  of 
"electronics" 


line,  low  impedance  source  to  grid,  in¬ 
terstage  transformer,  and  output  trans¬ 
formers  and  chokes.  With  no  dc  in 
the  winding  the  frequency  response  is 
plus  or  minus  2  db  30  to  20,000  cps. 
These  units  will  find  application  in  light 
portable  equipment,  such  as  aircraft, 
broadcasting,  marine,  or  any  other  seiw- 
ice  where  government  specifications  for 
submersion  proof  testing  are  to  be 
maintained. 


The  New  E.T.L.  Building 

1.  PRIVATE  LABORATORIES 

Frequently  engineers  desire  to  develop  a 
product  under  conditions  of  privacy.  Here 
private  quarters  are  available  with  access 
to  E.T.L.  facilities. 

2.  COOPERATION  WITH  LABS. 

Manufacturers’  laboratories  may  extend 
their  scope  by  utilizing  some  of  E.T.L's 
complete  equipment— or  by  checking  their 
instruments  against  standards  at  E.T.L. 

3.  PHOTOMETRIC  WORK 

Calibration  of  photo-electric  cells.  Spec¬ 
tral,  current-voltage  and  current  light 
response  curves. 

4.  CHEMICAL  TESTS 

Tissues,  waxes,  steels,  varnishes,  con¬ 
ductor  insulations. 

5.  MECHANICAL  TESTS 

Tensile,  compression,  hardness  tests  of 
materials;  elongation  tests;  impact  tests; 
strain  tests. 

6.  ELECTRICAL  TESTS 

Life  tests,  resistivity,  power  factor,  di¬ 
electric,  etc.  of  all  materials  in  electrical 
apparatus. 

7.  SPACE  RENTAL 

Two  upper  floors  of  the  new  building 
are  available  for  organizations  requiring 
access  to  testing  facilities. 

WRITE  FOR  BOOKLET 
DETAILING  SERVICES 
TO  HELP  YOUR  WORK 

Know  by  Test — at 


!\<*h  Audio  Filter  Liiil 

F.  R.  Malm>ry  &  Co.,  Inc.,  Indianapo¬ 
lis,  Ind.,  announce  a  new  audio  or  hum 
filter  unit,  the  Mallory  V’^F'-223,  which 
is  now  available  for  use  with  all  single 
unit  Mallory  Vibrapacks.  It  was  de¬ 
signed  especially  for  application  where 
voltage  regulation  is  important,  as  in 
Class  “B”  audio  amplification;  or  where 
the  utmost  in  hum  suppression  is  re¬ 
quired  as  in  high  gain  audio  amplifiers. 

The  filter  condenser  is  a  three-section 
Mallory  FPT-390,  of  15-15-10  Mf  ca¬ 
pacity,  450  working  volts.  The  two 
15  Mf  sections  are  u.sed  with  the  choke 
to  form  a  conventional  pi-section  filter, 
while  the  third  10  Mf  section  connects 
to  a  separate  terminal  so  that,  if  de¬ 
sired,  a  filtered  intermediate  output 
voltage  may  be  obtained.  The  filter 
choke  is  rated  at  100  ma.  and  has  a 
d-c  resistance  of  only  90  ohms,  resulting 
in  a  minimum  of  voltage  drop. 


W2XOR  FM  TRANSMITTER 


Capacitors 

Cornell-Dubilier  Electric  Corp.,  S. 
Plainfield,  N.  J.,  announce  Type  TK 
Dykanol  capacitors  for  high  voltage 
transmitter  applications.  The  d-c  work¬ 
ing  voltages  range  from  6000  to  25,- 
000  in  a  wide  range  of  capacity  values. 

Also  available  from  C-D  are  a  wide 
variety  of  mica  capacitors  for  low- 
power  transmitter  application  in  the 
Types  4  and  9  Moulded  Mica  units. 
They  were  designed  for  transmitter 
manufacturers  and  amateurs. 


At  WOR  this  frequency  modulation 
transmitter,  installed  by  Radio  En¬ 
gineering  Laboratories,  Inc.,  has 
been  in  operation  for  several  weeks 


ELECTRONICS 


DESIGNED  for 
APPLICATION 

MODERN  SOCKETS  for  MODERN 
TUBES!  Long  flashover  pafh  to  chassis 
permits  use  with  transmitting  tubes,  866 
rectifiers,  etc.  Ideal  for  mounting  on 
rugged  thick  cast  aluminum  chassis  now 
being  used  on  much  of  the  better  com¬ 
mercial  equipment.  Long  leakage  path 
between  contacts.  Contacts  are  type 
proven  by  hundreds  of  millions  already  in 
government,  commercial  and  broadcast 
service,  to  be  extremely  dependable. 
Sockets  may  be  mounted  either  with  or 
without  metal  flange.  Mount  in  standard 
size  chassis  hole.  All  types  have  barrier 
between  contacts  and  chassis.  All  but 
octal  also  have  barriers  between  Indi¬ 
vidual  contacts  In  addition. 


Cafalogut  Upon  Request 


TENSITE 

made  only  by 


WILBUR  B.  DRIVER  CO. 

Mk  NEWARK,  NEW  JERSEY  gm 
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Vk  ir<‘U*8s  Phonograph 
(Willalor 

.■\n  impkovkI)  and  compact  wireless 
I  phonoirraph  oscillator  (Cat.  No.  WO-fi) 

I  has  been  announced  by  Bud  Radio,  Inc., 
j  .')205  Cedar  Ave.,  ('leveland,  ().  The 
j  oscillator  (size  4ix2Jx2-ins. )  may  be 
'  attached  inside  the  case  of  most  record 
players.  The  circuit  utilizes  only  one 
stabilized  tube.  It  operates  from  either 
;  115  volts  ac  or  dc  and  is  easily  installed. 
!  Records  may  be  played  through  any 
radio  receiver  at  distances  up  to  50  or 
75-ft. 


( 'ar<l  ioitl  M irrophoiie 

A  .NEW  CARPIOIP  dynamic  microphone  is 
offered  by  Shure  Bros.,  225  \V.  Huron 
St.,  Chicago.  This  new  .Model  555 
Unidyne  utilizes  the  “Uniphase”  prin¬ 
ciple.  The  microphone  employs  a  spe¬ 
cially  suspended  double  wdnd-screened 
movintr-coil  system  and  built-in  flexible 
rubber  cushioninir  to  assure  transverse 
vibration  i.solation.  It  can  lie  tilted  for¬ 


ward  as  well  as  rearward  through  an 
■  anjrle  of  150  dej;.  Other  important  fea- 
j  tures  include:  true  cardioid  uni-direc- 
I  tional  pick-up  which  helps  reduce  the 
'  pick-up  of  troublesome  reflections,  re¬ 
verberation  effect,  or  random  back- 
I  ground  noise.  The  Unidyne  is  avail¬ 
able  in  .35-50  ohm  and  200-250  ohm 
models,  or  in  hiph  impedance  models. 


L«>h  Retiistaiiee  Ohninieter 

I  Bi'I.I.ETIN  1(535  ju.st  published  by  James 
!  G.  Biddle  Co.,  1211  Arch  St.‘  Phila- 
I  delphia.  Pa.,  describes  a  “Ducter” 
I  ohmmeter  with  which  measurements 
down  to  one  millionth  of  an  ohm  are 
made  as  easily  and  as  simply  as  mea¬ 
surements  of  hiph  resistance  by  the 
ordinary  “Mejjjrer”  insulation  tester. 
A  battery  is  used  to  supply  the  neces¬ 
sary  testinjr  current,  and  there  are  no 
manipulations  or  adjustments,  not  even 
for  the  voltajre  of  the  battery.  The  re¬ 
sult  is  indicated  directly  by  the  de¬ 
flection  of  a  pointer  over  a  scale. 

One  of  the  most  important  applica¬ 
tions  for  the  “Ducter”  is  in  testing  air 
and  oil  circuit  breakers;  also  switches 
1  and  relays. 


Here  is  a  Product  "tailor 
made"  ior  the  Electronic  De¬ 
signer.  Any  type  or  size  of 
insulated  Wire  or  Wires  is 
now  available  fully  protected 
by 

SEAMLESS 

ALUMINUM,  COPPER 
or  BRASS  TUBING 

Precision  Metal  Shielded  Wire  PRO¬ 
VIDES  100%  protection  against  In¬ 
ductive  Coupling  and  Interference: 
PREVENTS  Corrosion  of  the  Insula¬ 
tion  and  Deteriorating  Effects  of 
Acids,  Oils.  Alkolies.  Solvents,  etc.; 
PROTECTS  Mechanically  like  Armor 
yet  light  in  Weight;  PRODUCES  added 
stiffness,  yet  can  be  Bent  to  Shortest 
Radii  ior  intricate  Wiring  arrange¬ 
ments:  PROMOTES  a  Neat  Appear¬ 
ance  and  Lasting  Satisfaction  .  .  . 
Made  in  specified  lengths  with  ex¬ 
posed  ends  or  standard  full  lengths 
easily  cut  and  stripped  on  the  job. 
Tubing  sixes  start  at  1  64"  O.D. 

SEND  FOR  FREE  SAMPLES 

Find  out  iust  what  a  practical  product 
)  this  is.  See  how  easily  the  leads  are 
j  trimmed  .  .  .  Try  out  its  bending 
qualities  .  .  .  Test  out  PRECISION'S 
perfect  shielding  in  your  shops  .  .  . 
See  if  it  won't  save  on  manufactur¬ 
ing  costs  and  improve  performance 
.  .  .  The  coupon  below  is  for  your 
convenience 


PRECISION  TUBE  CO. 

200  OSBORNE  ST..  PHILADELPHIA,  PA. 

Please  send  samples  of  your 
METAL  SHIELDED  WIRE  to 

Name  . 

Firm . 

Address  . 
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Rectifiers 

Rectifiers  developed  by  H.  J.  Mc¬ 
Creary,  a  consulting  engineer  of  Chi¬ 
cago  are  manufactured  by  the  Thomas 
B.  Gibbs  Co.  expressly  for  him.  The 
rectifier  is  a  three  phase  bridge  type, 
which  gives  six  phase  performance.  It 
is  designed  to  deliver  45  amps  con¬ 
tinuously  at  115  volts  dc  from  a  122 
volt  60  cycle  three  phase  ac  supply. 
The  ripple  voltage  is  less  than  volts 


Home  Recording  Needles 

The  new  Permo  Point  home  record¬ 
ing  needle  is  made  by  electrically 
welding  a  special  alloy  to  specially 
drawn  shank  material,  resulting  in  a 
very  rugged  and  sturdy  product  W'hich 
will  withstand  considerable  abuse,  yet 
provide  exceptionally  long  life,  with 
an  exceedingly  low  surface  or  back¬ 
ground  noise.  This  new  cutting  needle 
will  fit  all  standard  recording  machines, 
and  will  be  found  particularly  useful 
on  home  type  recording  machines, 
where  ordinary  steel  needles  wear 
quickly,  and  where  sapphire  needles 
are  not  generally  used  because  of  their 
delicate  construction.  The  needle  is 
made  with  uniform  radius  to  cut  stand¬ 
ard  size  reconl  grooves. 


Volfs  inpuf  60-^AC 


Soiiml  Sv!*l«*ni  I  nils 


Such  lp#diaIl»crtion  has  proved 
fruitiul.^Dut  of  it  has  corns  the 
practical;%Bommonploce,  inexpen 
sive  catho^ray  tubs.  A  scientific 
curiosity  yMterday  hos  become 
an  everydayyujMUrtty  today. 


Three  new’  sound  system  units  an¬ 
nounced  by  RC.4  Mfg.  ('o.,  (’amden, 
N.  J.,  include:  A  new  25-watt  amplifier 
(Model  MI-122()5)  which  combines 
higher  performance  characteristics  with 
modern  case  styling.  .Advances  in  cir¬ 
cuit  design  have  achieved  reduced  hum. 
Operation  is  made  easier  by  new  con¬ 
trol  knobs  designed  to  conform  with 
the  natural  contour  of  the  hand.  The 
new  two-position  mixer  (.Model  MI- 
12208)  was  designed  primarily  for  use 
with  Model  MI-12205  amplifier  when 
additional  mixer  inputs  are  necessary, 
but  has  applications  with  other  types 
of  amplifying  apparatus  as  well;  (.MI- 
0430 A)  20  watt  loudspeaker  mechanism 
has  been  made  available  as  a  separate 
unit  for  use  where  conditions  require 
a  large,  flat  baffle  area.  The  unit  can 
be  attached  to  a  small  diameter  open¬ 
ing  in  a  wall  or  baffle,  and  the  new- 
acoustic  throat  makes  possible  as 
even  distribution  of  high  fre(]uencies 
throughout  the  distribution  angle  of 
the  baffle. 


when  the  unit  is  fully  loaded  and  de¬ 
livering  45  amps. 

No  power  transformers  are  used  in 
this  rectifier,  aside  from  a  filament 
transformer  which  consumes  less  than 
300  watts  regardless  of  load.  Protec¬ 
tive  devices  are  provided  which  include 
reactors  and  fuses. 

This  unit  has  been  used  with  three 
standard  single  phase  transformers  to 
supply  45  amps  at  115  volts  dc  from 
550  volts  60  cycles  three  phase  ac. 


Many  DuMonlv^HS 
finements  have^^^B 
intensive  engine^^ 
commercial  cathdde 
graph;  the  Electropii 
place  two  simultan|ij 
ena  on  a  singled 
screen;  the  Intensified 
ducing  brighter,  largd 
terns;  the  first  commi 
sion  receiver — these 
achievements  have  fi 
our  doing  just  one  jol: 
to  do  it  well. 


oscillo- 


lenom- 


U-h-f  Oscillator 


Maintenance  of  u-h-f  receivers  on  air¬ 
planes  requires  the  use  of  a  modulated 
u-h-f  signal  generator.  Victor  J.  An¬ 
drew,  6429  S.  Lavergne  Ave.,  Chicago, 
manufactures  and  sells  instruments  of 
this  type  developed  by  United  Air 
Lines.  Fundamental  frequency  ranges 
from  49  to  154  Me. 


Ruytlicoii  Tubes 

Tubes  for  frequency  modulation  and 
for  hearing  aids  are  among  Raytheon's 
most  recent  listings.  There  are  4  t>f 
the  hearing-aid  tubes  and  they  are  veiy 
small,  consuming  little  power  and  de¬ 
liver  rea.sonable  and  useful  output.  The 
American  Phenolic  Cerp.,  1250  Van 


Studio  Amplifier 

Among  the  features  of  Tru-Fidelity 
studio  amplifier  is  the  audio  frequency 
equalizer,  a  refinement  of  the  Thordar- 
SON  Dual  Tone  control  circuit,  which 
provides  a  wide  choice  of  ranges.  Al¬ 
though  the  amplifier  is  essentially  one 
unit,  the  low  level  and  voltage  amplifier 
stages  are  isolated  from  the  power  stage 
and  power  supply,  reducing  hum  to  a 
minimum. 

It  is  available  for  rack  mounting  or 
in  a  grey  cabinet.  A  brushed  steel 
panel  makes  this  a  most  attractive  in¬ 
strument  in  any  conspicuous  position. 
Complete  specifications  and  technical 
data  are  available  in  Bulletin  SD-443 
by  writing  the  Thordarson  Electric 
Mfg.  Co.,  Chicago,  Illinois,  or  at  your 
local  distributor. 


Write  for 
Our  Literature 


Buren  St.,  Chicago,  makes  a  socket  for 
these  tiny  tubes. 

The  RK-65  is  an  u-h-f  high  power 
gain  tetrode  having  thoriated  Tungsten 
filament,  tantalum  plate,  grids  ;ind 
shield.  The  tube  may  be  operate(t  at 
maximum  ratings  up  to  60  Me  and  at 
reduced  output  up  to  140  Me. 


PASSAIC  NEW  JERSEY 

Cable  Address:  Wespexlia,  New  York 
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IViiiiip(‘ts  uiid  Driver  Units  '  \ 

7-INCH 
PORTABLES 

scale 


(laiof  COLLOIDAL 

GR^HITE  CONTRIBUTES 


suit  all  types  of  public  address  appli¬ 
cations.  The  permanent  magnet  type 
driver  unit  is  completely  enclosed  and 
j  covered  with  a  streamlined  outer  shell. 
I  The  multi-adjustable  cast  mountinjr 
brackets  are  supplit*d  as  complete  etpiip- 
ment. 


Type  K  .Motor 

This  nkw  motok  is  small  in  size 
211x22x1 8-in.  excluding  the  5  8-inch 
lonir  shaft.  It  weijrhs  less  than  IJ  lbs. 


FOR  LABORATORY,  COMMERCIAL 
AND  INDUSTRIAL  TESTING 

•  7-lnch  Instrument  with  6-Inch 
Scale. 

•  Standard  and  Special  Ranges. 

•  Mirror  Scale. 

•  Oak  Carrying  Case  with  Detach¬ 
able  Cover. 

•  Accurate  to  V2'’o.  AC  and  DC 
Voltmeters  —  Ammeters  with 


TO  PROGRESS  OF  THE  INDUSTRY  i  Desii^ned  as  a  capacitor  motor,  it  can  stondard  or  special  sensitivities. 


The  versatile  graphite  films  es¬ 
tablished  with  the  use  of  "dag” 
have  been  employed  in  many 


be  supplied  with  three  ditferent  wind- 
inirs — synchronous  capacitor,  nonsyn-  | 
chronous  capacitor,  and  dynamic  brak-  I 
inir  capacitor.  Standard  ratings  on  tiO  I 
cycles  are,  respectively,  1  1500  hp  at 
1800  rpm,  1/1000  hp  at  1700  rpm,  and 


Models  725-735  Portables  may  be  ob¬ 
tained  in  standard  and  special  ranges, 
Including  instruments  of  extreme  sensitivity 
for  laboratory  use — as  well  as  those  for  gen¬ 
eral  commercial  and  industrial  testing  pur¬ 
poses.  The  large  7-lnch  instrument  has  a  long 


ways  in  th«  fields  of  RADIO  and 
ELECTRONICS. 

Colloidal  graphite  imparts  to  the 
surfaces  of  innumerable  bodies 
properties  of  lubricating,  con¬ 
ductive,  absorptive,  pigmentary 
and  reflective  value.  This  pro¬ 
duct  is  used  to  advantage  in  the 
following:  resistances,  vacuum 
tubes,  test  specimens,  thermo¬ 
piles,  evacuated  devices,  cathode 
ray  tubes,  photoelectric  cells. 
Write  for  Bulletins  II,  31,  191 
and  270  describing  how  the  pro¬ 
duct  functions  and  how  to  use  it. 
Perhaps  "dag”  will  be  an  answer 
to  problems  which  you  may  have. 


ACHESON  COLLOIDS 
CORPORATION 

I^Ci  PORT  HURON, 

MICHIGAN 


!  1/1.500  hp  at  1200  rpm.  .Motor  input 
'  is  8  watts  or  Ic.ss. 

Operation  is  at  110  volts  ac,  and 
motors  wound  for  lower  voltages  can 
I  be  built  on  order.  On  hiirher  voltaires  ! 
a  transformer  is  necessary.  Motors  for 
lower  frequencies  can  be  supplied.  | 
Sleeve  bearings  are  standard,  ball  bear-  | 
injrs  optional.  Principal  use  is  on 
devices  desiirned  for  continuous  op¬ 
eration,  such  as  industrial  controllers, 
instruments,  timers,  and  similar  ap- 
1  plications.  Bulletin  1024  illustrates 
and  describes  in  detail  this  motor  which 
is  manufactured  by  Bodine  Electric  | 
Co.,  2254  W.  Ohio  St.,  Chicajro.  j 

.Attenuator  ami  Conversion 
R♦*sistors  ] 

.4  Distortionless  means  of  controlling  I 
the  volume  of  individual  loud-speakers  j 
in  a  sound  system,  is  provided  by  the 
new’  Series  CIB  output  attenuator  re¬ 
leased  by  Clarostat  Mfg.  Co.,  Inc.,  285 
North  6th  St.,  Brooklyn,  N.  Y.  Capable 
of  dissipating:  10  w’atts  at  any  setting, 

I  this  unit  is  a  junior  version  of  the 


six-inch  mirror  scale,  maximum  dial  opening, 
and  knife-edge  pointer  to  assure  quick  accu¬ 
rate  readings.  Accuracy  within  1%  (*/2%  for 
many  ranges).  Available  in  microammeters, 
milliammeters,  ammeters,  voltmeters,  millivolt- 
meters,  thermo-ammeters — multiple  or  single 
ranges.  Case  Is  quarter-sawed  golden  oak, 
11"  X  9"  X  4",  with  handle  and  detachable 
cover.  Black  bakellte  panel. 


Pocket  Size 


VOLT-OHM’MILLIAMMETER 


A  complete  pocket-size 
Volt  -  Ohm  -  Milliamme- 
ter  with  AC-DC  Voltage 
ranges:  0-l0-50.250-5(M- 
1000  at  1000  ohms  per 
volt;  DC  Milllamperes 
0-1- 10-50-250;  Low  Ohms, 
•/}  to  300;  High  Ohms  to 
250,000  with  provisions 
for  higher  readings  by 
external  batteries  .  .  . 
Molded  case  and  panel. 

MODEL  666 

Dealer  Net  Price. .  .$14.00 


WRITE  FOR  CATALOG 


Section  234  Harmon  Drive 


ELECTROMCS  — .4/>n7  1940 


115 


Avi'.,  (,'hic"iK‘>,  announce  their  new 
SX-25  “Sui)er  Defiant”  receiver,  also 
in  the  medium  priced  ranjre.  Amonj? 
some  of  the  features  of  this  receiver 
are  two  jireselector  stages,  4  detjrt'vs 
of  selectivity  includinjr  broad  and  sharp 
crystal  fdter  circuits,  temperature  and 
line  voltage  compensation  with  freedom 
from  tuninjr  drifts,  frequency  cali¬ 
brated  bandspread  on  ham  bands  from 
SO  to  100  meters,  automatic  noise  limit- 
injr,  sinj'le  signal  C\V  reception,  a  con¬ 
tinuous  ranjrc  of  538  kc  to  42  Me 
in  four  bands,  “S”  meter  calibrated 
in  “S”  units  and  db,  a  O-position 
switch  for  selectlnfj  phone  or  CW  re¬ 
ception,  etc.  The  circuit  emi)loys  12 
tubes  in  r-f  stages,  mixer-oscillator,  2 
i-f  stajjes,  detector  avc-lst  audio,  noise 
limiter,  bfo,  phase  inverter,  push-pull 
output,  and  rectifier  circuits. 


Dui^ 

MICA 

CONDENSERS 

u^Uk  UtUa 


Sensitive  Tester 


>ariiiiiii  I  li<‘riiio4‘oii|il(‘ 

l.\  Mooki.  43  poWKR  outiiut  meter  of  i 
Monarch  Mf;r.  ('o.,  (3311  Belmont  .Xve., 
Chicairo),  a  protective  circuit  has  been 
incorporated  which  retains  all  of  the 
desirable  features  of  the  vacuum  ther¬ 
mocouple  and  in  addition  has  the  rufr- 
^redness  and  hijrh  overload  capacity  of  . 
the  copper  oxide  type  of  rectifier  meter. 
The  meter  is  a  Weston  model  f>ld  with 
a  lon^r  scale  (3.^  inches)  and  open  read¬ 
ings  over  its  entire  lentrth.  The  instru¬ 
ment  includes  means  for  varying  the 
ininit  impedance  between  the  limits  of 
3  ohms  and  2r),(t()0  ohms.  This  is  ac¬ 
complished  by  means  of  a  larjre  trans¬ 
former  havin^r  suitable  taps  on  its 
windings.  Individually  adjusted  re¬ 
sistors  are  connecti'd  to  all  secondary 
taps  to  maintain  a  constant  transformer 
etliciency  rejrardless  of  which  tap  is  in 
use.  It  is  possible  to  determine  the  out¬ 
put  impedance  of  the  source  supplyinjr 
the  instrument  by  varyiiqr  the  impe¬ 
dance  of  the  instrument  until  the  maxi¬ 
mum  power  readin>r  is  obtained. 

The  secondary  of  the  transformer 
feeds  into  a  ladder  type  of  attenuator 
network  which  (rives  seven  power 
ran(res:  .03,  1,  .3,  1,  3,  10  and  30  watts. 


CAST  ALUMINUM  F.  N  D  PLATFS 
HT  STANUAKU  MTG.  DIMKNSIONS 


"20.000  OHMS  per 

oonSa,  „ 

*’  -O'.'IIH  to  oltim  volts 

outvul  ,„ch  sot'll'-'; 

. 


JL  H  KSK  exceptionally 
high-grade  condensers  —  with  India 
Kuhy  mica — are  built  for  long  life, 
high  current  carrying  capacities,  and 
low  losses.  Available  for  prompt  de¬ 
livery  in  standani  ratings.  Write  foe 
structural  data  and  prices. 


Series  844  34  RANUt 

AC-OC  VoH-Ohm-Oecibel- 
Milliamnieter 

«»o  -'“•ifx'ii.i”. 

voul  i;er^  vou 

resitetaiu 

olU»«  frnm  - T- 

^tSix  de.ibvl  ranges  from 

•7«  I‘U  siiuan 

.^40"  nii«'ri>ampere«.  ^  3'o  -VAJ 

$24.9 


liANSlNU  Mfu.  Co.,  announces  that  the 
Iconic  System  is  now  available  in  a  new 
modern  ctmsole  cabinet  which  is 
heavily-built  and  acoustically  correct. 
Measurements  are  34x3r)-ins  and  it  was 
desi(rned  for  use  in  fine  residential  in¬ 
stallations,  hotels,  cafes,  schools,  sound 
studios,  etc.  Literature  on  the  system 
is  available  from  the  manufacturers 
located  at  (WOO  McKinley  .\ve.,  Los  An- 
(reles.  Cal. 


If  your  needs  call  for 
' voltage  at  all  limes  you  can  de|>eiid  on 
CONSTANT  VOLTAGE  TRANSFORMERS 

ver  for  you.  even  though  the  incoming 
jhage  varies  as  much  as  thirty  f'rrccnt. 
.1,  economical,  trouble-free -they  can  le- 
:  n  regiilaling  transformers  or  jierform  as 
lies  to  euuipment  now  in  use. 


cover 


More  than  40  models  lit  the  PRECISION  l»40  LINE 
.  .  .  IS  Mutual  Conductance  Tube  Tester  and  Set 
Tester  models  ranging  in  price  from  at  low  as  $29.9$ 
.  .  .  16  Multi-Range  Tester  models  from  as  low  as 
$10.96  .  .  .  Signal  Generators  from  $24.9$,  etc.  .  .  . 
See  them  at  your  local  distributor  .  .  . 

Ask  for  lha  Precision  Test  Equipment  1940  Catalof 


Write  for  t'.ATAi.fKi 

DCV— 22 


.4n  all-purpose  portable  multi-meter  ^ 
for  engineers,  television  technicians,  in¬ 
dustrial  electricians,  etc.,  is  announced 
by  the  Radio  City  Products  Co.,  88 
Park  Place,  New  York  City.  Model 
P  411  Super  Tester  has  a  full  array  of  1 


PRECISION  APPARATUS  COMPANY 

647  Kent  Avenue  Brooklyn,  New  Yo 

Export  Div.:  458  Broadway,  New  York,  U.  S,  A. 
Cables:  Morhanex 


electronics 


25-watt  Series  CIA  attenuator.  With 
neat  and  compact,  one-hole  mounting, 
round  black-and-silver  etched  dial, 
pointer  knob,  this  unit  may  be  installed 
in  power  amplifier  or  at  the  individual 
speaker.  Insertion  loss  is  below  zero. 
Db  range  is  in  3  db  steps  up  to  21,  and 
then  a  6  db  step,  with  final  step  to 
infinity.  Stock  ohmages  are  8,  15,  .50, 
200,  250  and  500  ohms.  These  units 
do  not  come  equipped  with  power 
switches.  Also  available  are  fluorescent 
lamp  d-c  conversion  resistors  for  in¬ 
clusion  in  the  power  circuit  of  fluores¬ 
cent  lamps. 


Consider  the 
Safety  Angte 


IN  MEASURING  HIGH  POTENTIALS 


PORTABLE  KILOVOLTMETER 


McGraw-Hill 

RADIO 

ENGINEERING 

IIRRARY 


Timers  uiul  Kelavs 


Paragon  Electric  Co.,  37  W.  Van 
Buren  St.,  Chicago,  have  a  new  series 
of  automatic  reset  timers  and  time  de¬ 
lay  relays  designed  for  precise  and 
economic  control  of  industrial  opera¬ 
tions.  They  can  be  used  to  close  and 
then  reopen  a  circuit,  to  open  and  re- 


—  espiecially  selected  by  radio  speii.ilist*  of 
VicGraw-Hill  publications 

—  to  give  most  complete,  dependable  to\ 
erage  of  facts  needed  bv  all  whose  fields 
are  grounded  on  radio  fiindaiiient.tU. 

—  available  at  a  special  price  and  leinis 


Theae  book.s  cover  circuit  |>lienonieiia.  luo,* 
theory,  networks,  measurements  an.l  othsr 
aubjecta — Klve  apeclallzeil  treatment  of  nil 
ftelda  of  |>ractical  ileal^n  and  ai>|>llcattuii 
They  are  booka  of  recoKnlzeil  noaltlon  in  the 
literature — liooka  you  will  refer  to  and  be 
referre«l  to  often.  If  you  are  u  researcher 
or  experimenter — if  your  interest  in  radio  1» 
deep-set  and  based  on  a  real  de.ulre  to  Ro 
further  In  this  field — you  want  theae  book.- 
for  the  help  they  Rive  In  hiindreil.s  of  iir<'l 
lems  throURhout  the  whole  field  of  raillo 
enRineei  iiiR. 


You’ll  find  this  not  only  a  prac¬ 
tical  and  inexpensive  instrument 
but  one  with  an  unusually  high 
safety  factor  as  well.  A  compact, 
relatively  small  unit  that  can  be 
portable  or  permanently  installed. 
Separate  multipliers  can  be  fur¬ 
nished  for  a  wide  variety  of 
standard  instruments  used  for 
measuring  potentials  up  to 
25,000  volts  A.C.  or  D.C. 

Not  affected  by  humidity.  Easily 
adapted  for  use  as  resistance 
standards,  particularly  those  mul¬ 
tipliers  for  use  with  low  current 
instruments  requiring  high  resist¬ 
ance. 

SHALLCROSS  "AKRA-OHM" 
RESISTORS 

Type  110 — are  used  in  this  box, 
and  there  are  none  finer.  Cali¬ 
brated  to  an  accuracy  of  0.1  of 
1%.  Wound  with  specially  in¬ 
sulated  resistance  wire  on  pre¬ 
cision  machined  forms  made  of 
the  finest  grade  of  non-hygro- 
scopic  ceramic  material  available. 
Moisture  proof.  They  hold  their 
calibration! 

Write  for  Kiipvoltmeter  Bulletin  No.  700  KL 
and  Resistor  Bulletin  No,  122  K2 


5  yolumes  3319  pu^es,  229H  illustratimif 

1.  E.isttnan’s  FUND  AMEN  TAIS  01 
VACUUM  TUBES 


2.  Terman’s  RADIO  ENGINf-ERING 

5.  Everitt’s  COMMUNICA  I  ION  ENGI¬ 
NEERING 

4.  Hiind’s  high-frequi:nc:v  MEA.S- 
UREMENTS 


close  a  circuit,  to  make  a  momentary 
contact,  to  repeat  a  preset  schedule  of 
momentary  contacts  or  timed  “on”  and 
“off”  operations  and  to  reset  instan¬ 
taneously  after  a  power  failure.  .A 
positive  mechanical  lock,  magnetically 
operated,  eliminates  all  friction  and 
magnetic  clutches  and  frees  the  timer 
of  any  disconnect  due  to  vibration. 


5.  Hennev’s  RADIO  ENGINI  ERING 
HANDBOOK 


BourIU  slriRly,  the  five  v<i|uiii<-!i  <  oin pi'"*'"i* 
this  library  woiiiil  losi  voti  tinire.  I  nil'-r 
this  oITvr  you  save  tiioix  y  atul.  in  achl.non. 
have  the  prlvIleRe  of  |>a"inK  In  easy  lti>i.ill- 
ments  beftinnlnR  with  !2.50.  10  <lays  after 

receipt  of  the  booka.  ami  S3. 00  monthly  there¬ 
after.  Already  these  book.s  are  recoftnlzed  M 
standard  works  that  you  are  bound  to  renulrt 
sooner  or  later.  Take  advantaRe  of  these  con¬ 
venient  terms  to  add  them  to  your  library  now. 


Coiiiiiiiinirutioiis  Ree€*ivers 

Two  New  Communications  receivers 
are  available.  The  first  is  a  new 
radio  receiver  designed  by  RC.\  Mfg. 
Co.  (Camden,  N.  J.)  to  provide  maxi¬ 
mum  performance  for  amateur  radio 
communication,  and  to  find  use  wher¬ 
ever  a  radio  receiver  is  required  for 
distant  reception.  The  10-tube  in¬ 
strument  (Model  AR-77)  has  many 
new  features  including  new  treatment 
of  the  dials,  dual  r-f  alignment,  nega¬ 
tive  feedback,  calibrated  bandspread, 
improved  noise  limiter,  and  variable 
selectivity.  The  metal  cabinet  was  de¬ 
signed  with  an  eye  to  convenience  of 
operation  and  ease  of  maintenance. 
An  8  inch  permanent  magnet  dynamic 
loudspeaker  is  available  for  use  with 
the  receiver. 

Hallicrafters  Inc.,  2011  S.  Indiana 


McGraw-Hill  Book  Co..  Inc. 

330  W.  42nd  St.,  New  York.  N.  Y. 


Send  me  the  MrQraw  Hill  Radio  Enalueerhu  l.il>ran 
t  eola.,  for  10  days'  examination  on  approval.  In  “ 
days  I  will  send  12.50,  plus  few  renii  i>ostaii>'  sikI 
33.00  monthly  till  323.50  Is  i>aid.  or  return  honk-  post¬ 
paid.  (We  pay  poetaRe  on  orders  aeroinpani  d  tit 
remltUnce  of  first  Installment.) 


Name 


Address 


City  and  State 


Position 


Company  . . 1.4  1 

(Books  sent  on  approval  In  C.  S.  and  Canada  ooly-l 
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ISeic 

The 

Library  now 

1  compriiet  a  re-  1 

1  Tiled 

irlerlion  of  1 

1  booki 

culled  from  1 

1  leading  McGraw- 

Hill 

publication! 

in  th 

e  radio  6eld. 

All  market  and  media  information  on  ELECTRONICS  and 
its  complete  coverage  of  the  electronic  industry  is  now 
available  to  manufacturers  and  agencies  in  one  easy-to-find 
File  Folder. 

Your  file  may  be  had  by  writing  to  ELECTRONICS. 
From  time  to  time  supplementary  sheets  will  be  sent  to  you 
to  keep  your  files  up  to  date  on  ELECTRONICS  and  its 
increasing  importance  to  you  as  a  powerful  advertising  me¬ 
dium  for  your  products. 

At  your  fingertips  you  will  have  the  following  classified 
information  on  ELECTRONICS: 

1.  Market  —  the  electronics  industry  with  lotest  figures  on:  quontity  of 
P'oducts  purchosed  in  averoqe  yeor;  type  of  products  that  con  be 
merchondised  successfully  to  this  field  through  ELECTRONICS. 

2.  CIRCULATION  —  ABC  statement;  percentages  showing  ELECTRONICS 
Penetration  in  eoch  major  clrculofion  closslficotlon;  e»ample  of  cov- 
ervyge,  grophic  presentotlon  of  ELECTRONICS  clrculofion  growth  in 
10  years;  foreign  circulotlon;  list  of  Market  Analysis  and  Readership 
Su'veys  ovoiloble. 


3  History  ond  Scope  of  ELECTRONICS.  Short  biographical  sketch  of  esec- 
utive  editors  ond  their  editorial  fitness. 

<  ADVERTISING  —  advertising  rotes:  list  of  odvertlsers  using  ELECTRONICS 
during  1939 

5  SPECIFICATIONS  —  Issue  closing  dotes;  mechanical  requirements;  in¬ 
formation  on  holftones.  stock,  inserts,  stondord  colors. 

6  MISCELLANEOUS  —  Publication  office,  subscription  rotes,  editorial  and 
business  staffs,  district  representatives.  Special  Services:  direct  moil 
division;  market  reseorch  department,  copy  service  deportment. 

Write  today  for  this  time  saving  file  of  data  on  your  most 

valuable  advertising  medium. 

electronics 

330  West  42nd  St.  New  York.  N.  Y. 
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■  ISII  Tl***" 
MODiL  » 


N(«  VOftk.  N  V 
37  W  20'n  ST 


With  Offices  in  80  Cities 


GRAYBAR 

°H'.VH'"o'lfZrE  KIRKLAND 

PILOT-LIGHTS 

To  niiinufacturerg  of  IiIkIi  irnMlo  ap|Miratu<«. 
who  <'iiiinot  alTord  to  Im*  judK(*«l  tlio 
Ntaiidardo  of  the  retail  biirKain  coanterN. 
Tnderwrlter’a  Approved  L'nits  in  three  lenw 
sizett,  2",  1  1/10",  11/16",  for  Tuiiichten  or 
Neon  lamiHi. 

WRITE  FOR  TEN  FACE  CATAIXKJLE 

H.  R.  KIRKLAND  CO..  MORRISTOWN.  N.  J. 


B-L  RECTIFIERS 


CHANGE  AC  TO  DC 
WITHOUT  MOVING 
PARTS,  GLASS  BULBS. 
LIQUIDS.  OR  SPARK¬ 
ING  CONTACTS. 

DRY— DURABLE 
COM  PACT— ECONOM I  CAL 
SPECIAL  RECTIFIERS 
AND 

COMPLETE  ASSEMBLIES 


We  manufacture  a  complete  line  of  equipment 

SPOT  \VEU>ERS.  electric,  from  A4  to  500  KVA  A.C.  ART 
TIIANSFOIIMEUS.  special  and  standard  types  \VEIJ)EI{.S 

INCANDESCENT  LAMP  manufacturing  equipment  Prom  100  to 
RADIO  TUBES,  ez-ray,  cathode  ray,  photo  cells  400  Amps. 
ELECTRONIC  BXJDIPMENT,  vacuum  pumps,  etc. 

TI'NOSTEN  SLCOS.  rod  and  wire  manufacturing  equipment 
GENERAL  OlJtSS  working  machines  and  burners 
COLIEGE  GI.ASS  working  units  for  students  and  laboratory 
FJSLER  ENGINEERING  COMPANY,  CHAS.  EISLER.  Pret. 
751  So.  13th  St.  (near  Avon  Ave.)  Newark.  New  Jersey 


a-c  and  d-c  voltaice  and  current  incasur- 
iiiff  ranges.  In  addition  it  will  read 
db  from  minus  10  to  plus  (iO. 

F req  iieiicy  MimI  iilat ion 
(A>iiipoiieiit8 

The  Browning  Laboratories,  Win¬ 
chester,  Mass.,  announced  component 
parts  for  receiving  wide-band  fre¬ 
quency  modulation  stations.  Special 
broad-band  3  Me  i-f  and  detection 
transformers  are  available  as  well  as 
a  special  high  fretiueney  tuner.  A  com¬ 
pletely  wired  and  aligned  adapter  is  in 
production  which  may  be  plugged  into 
the  phonograph  jack  of  any  receiver. 
Bulletin  105A  lists  the  components  and 
includes  a  circuit  wiring  diagram  of  a 
complete  receiver. 

.Automatic  Reset  Tiiiu*r 

R.  W.  CraMER  (’().,  Inc.,  ('enterbrook. 
Conn.,  announce  RS  automatic  reset 
timer  which  is  a  very  compact  indus¬ 
trial  instrument  for  automatic,  ac¬ 
curate  timing  of  a  variety  of  electri¬ 
cal  circuits.  The  timer  consists  es¬ 
sentially  of  an  enclosed  snap  action 
switch  unit  actuated  by  an  operatiinr 
arm  driven  in  one  direction  hy  a  small 
synchronous  motor  with  an  enclosed 
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THK  HKNWOOD  LIXZE  CO. 


ELECTRON  TUBE  PARTS 

QUALITY  .411  Tvpet  EST.  18  YEARS 

Seal  Finish  Tungsten  Welds 
Tungar  Welds  Coil  Springs 
Filament  Hooks  Bases 

Spot  Welders  Caps 

Stem  Wire  Cutting  A  Forming  Machines 

"The  EngineeringCo.”of  Newark, N.J., Inc. 

lYanlel  Kondakjian.  Pre» 

59  Branford  Streft _ Newark.  N.  J. 
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FINE  RIBBOIVS 

ol  Tungsten,  Moljbdennm  and 
Special  Alloys 

To  your  specifications 

R.  4'ROSS 

IS  BEERMAN  8T.  NEW  YORK 


HIGH  "Q" 

NETWORK  INDUCTANCES 

Over  500  desiinig  in  use  to-date 

HOLLYWOOD  TRANSFORMER  CO. 

7364  Melrose  Ave.  Hollywood,  Calif. 


NEW  UNIVERSAL 

Full  Frequency 

CUTTING  HEAD 


D.  S.  Patent  No.  2005154  E  J. 

Electrically,  magnetically  and  | 

mechanically  balanced  cutting  • 

head.  Clear  crisp  recordings.  Brilliant  blgha  and 
full  bass.  No  rubber  or  substitutes,  nothing  to 
deteriorate.  Records  freq.  30  to  30,0(>0  cycles  and 
over.  Imp.  15  ohms.  R^uires  plus  14  db.  2  to  3 
watts.  Climatieally  sealed.  For  replacement  or 
new  Installation.^.  Guaranteed  uninterrupted  serv¬ 
ice  for  life.  Prof,  discounts  and  liberal  exchanges. 

Usivsrsal  Microphoss  Co.,  Ltd. 

424  Warren  Lane  Inglewood,  Calif. 


VACUUM  TUBES  AND 
ELECTRONIC  DEVICES 

Design,  Development  and  Construction  of 
tubes  and  circuits. 

VACUTRON,  INC. 

2810  12  St.  South  Arlington,  Ta. 


/y\  laUIIINb  bITLI 

A  |l  /  For  rscording  dirset  on  all  eoatsd  aluhti. 

num  or  paper  haw  discs.  Individually 
1  -tapped  for  a  puist,  high  quality  cut 

14.  W.  ACTON  CO..  iiK..  370  7th  Nsw  York 


.TECHNICAL  DRAWINGS. 

FROM  $1.50.  Expert  Illustrations,  dia¬ 
grams.  Specialists  photo-retouching, 
air-brush.  I..0W  prices.  Mail  orders 
filled  promptly.  100%  satisfaction 
guaranteed. 

Industrial  Art  &  Drafting  Co. 

Phone  Cheliea  2-7748  1123  Broadway,  NYC. 


New  "CONTACTS"  Advertisements 

must  be  received  by  April  26th  to  appear 
in  the  May  issue. 

Addreit  copy  to  the 
Departmental  Adeertiting  Staff 
Electronics 

330  West  42d  St.,  New  York  City 


magnetically  operated  gear  eluteh  ami 
a  spring  resetting  mea.is  to  the  start¬ 
ing  jiosition  after  the  time  cycle  has 
iieen  completed.  The  time  settings  are 
easily  adjusted  by  setting  the  pointer 
to  the  desired  time  scale.  Several  time 
ranges  are  available  ^o  meet  varinu? 
timing  requirements.  The  contact  has 
a  capacity  of  10  amps  at  115  volts  or 
5  amps  at  230  volts.  The  instrument 
can  be  furnished  for  flush  panel  mount¬ 
ing  or  in  a  dustproof  die  east  case 
suited  for  BX  or  conduit  wiring. 

Hifjli  Vaciiiiiii  Gunge 

The  f’.  J.  Stokes  Machine  Co.,  Phila¬ 
delphia,  Pa.,  has  available  a  new  model 
portable  high  vacuum  gauge  with  a 
range  from  0  to  700  microns  and 
calibrated  down  to  1/10  micron.  This 
gauge  is  designed  to  enable  any  un¬ 
skilled  operator  to  take  readings  quickly 
and  accurately  and  is  built  to  with¬ 
stand  hard  service  and  constant  han¬ 
dling  without  danger  of  breakage  or 
damage. 


Patents 


THE  SOURCE 
of  SATISFACTION 

for  Relays 


(ienerators.  A  constant  frequency, 
constant  amplitude  oscillation  genera¬ 
tion  system.  J.  N.  Whitaker,  KCA.  No. 
2,162,520. 

Deflectinn  Coil.  Desifrn  of  a  majr- 
netic  circuit  for  detlectinj;  electrons  in 
a  cathode  ray  tube.  W.  A.  Tolson  and 
I.  G.  Maloff,  RCA.  No.  2,155,514. 

Frequency  ChanRer.  Klaas  Posthu¬ 
mus,  Eindhoven,  RCA.  No.  2,100,731. 

Hish  Kfliciency  Resonant  Circuit.  A 
hijrh  efficiency  vacuum  tube  o.scillator 
for  hiRh  frequency.  W.  W.  Hansen, 
Stanford  University,  Calif.,  assignor  to 
The  Board  of  Trustees  of  the  Leland 
Stanford  Junior  University.  No.  2,- 
100,712. 


TIP  JACKS 


STANDARD 

All  Molded 


Jack  Type  REEJ 


UNE  of  several  Jack- 
Type  relays  in  the 
complete  Autocall  line. 

The  REEJ  has  a  single  low 
current  coil,  pivoted  arma¬ 
ture,  contacts  positioned  and 
maintained  by  current,  con¬ 
tacts  return  to  normal  by 
contact  spring  tension. 

For  more  than  30  years 
Autocall  has  specialized  ex¬ 
clusively  in  signalling  and 
control  devices  and  equip¬ 
ment. 

Write  for  Catalog! 


Brass  Barrel 
Molded  Top 


Circuit.  Feedback  applied  to  electric 
discharge  circuit.  M.  A.  Edwards,  G. 
E.Co.  No.  2,100,775. 


HEAVY  DUTY 

All  Molded 
7000  volt  Breakdown 


Electron  Discharge  Device.  N.  M. 
Rust,  and  G.  F.  Brett,  London,  RCA.  No. 
2,100,735. 

Converter  Tube.  A  converter  tube 
having  several  grids  coated  with  emit¬ 
ting  material  and  a  separate  triode 
oscillator.  W.  H.  .Aldous,  Wembley, 
England,  No.  2,101,003. 

Tubes.  A  tube  in  which  the  second 
and  third  grid  are  of  the  same  pitch  and 
are  in  alignment,  with  the  second  grid 
connected  directly  to  the  cathode. 

B.  O.  M.  Gall  and  Jan  Bart  Ilugen- 
holtz,  Eindhoven,  RC.A..  No.  2,101,881. 

Metal  Tube.  A  metal  tube  construc¬ 
tion  making  use  of  a  glass  stem.  C.  A. 
Horn,  Roselle  Park,  N.  J.  Arcturus  De¬ 
velopment  Co.,  Newark.  No.  2,100,788. 

Gas  Discharge  Tube.  H.  Kniepkamp. 
Siemens  and  Halske,  Berlin,  Germanv. 
No.  2,102,162. 

Television.  Method  of  synchronizing. 
A.  V.  Bedford,  RCA.  No.  2,102,121. 

Television.  Method  of  synchronizing. 
M.  Bowman-Manifold,  E.  C.  Cork,  and 

C.  O.  Browne,  E.M.I.  Inc.,  England.  No. 

2,102,122. 

Facsimile  System.  J.  I).  Durkee,  Bar¬ 
tlesville,  Okla.  No.  2,101,057. 

Television  Tube.  Kurt  Schlesinger, 
Berlin,  Loewe  Radio,  Inc.  No.  2,191,415. 

Measurements.  Apparatus  and 
method  for  making  field  strength  meas¬ 
urements,  at  ultra  high  frequencies. 
R.  W.  George,  RCA.  No.  2,101,277. 


Can  be  furnished  in  colors 
— Red,  Green  i  Black.  Send 
for  samples. 


SHELBY  .  •  •  OHIO 

RELAYS  •  ANNUNCIATORS 

INDtCATTNG  DEVICES  •  UQUID  FLOW  DEVICES 

BELLS,  HORNS,  CHIMES  •  COOING  TRANSMITTERS 
•Ml  AAISC.  EQUIPMENT  .  SIGNALLING  SYSTEMS  - 
TERMINAL  DISCONNECT  BLOCKS  ALL  TYPES 


4700  Stenton  Avenue 
PHILADELPHIA,  PA. 


PROFESSIONAL 

SERVICES 


iHatit  on  ipplira<i<m| 


ELECTRICAL  TESTING 
LABORATORIES 

niararteri.HlIc* 
of  Variium  Tulws 

;  (if  iilioto  cells,  clow  lamps,  crater  l.i 
Ti  'ts  of  electronic  ami  optical  dcUces 
Kiist  Knil  Avenue  and  79th  Street 
New  York,  N.  V. 

I’hiine:  Biittcrlleld  8-2fi00 


DESIGN  AND  DEVELOPMENT 

lladiii  . .Te 

.'Sdiiiiil  .  r.lei 

MANUFACTURING  METHODS 

( 'onili  ii-eis  .  TuIh's  .  II 

Vibraloi-  .  Lamps  . 

630  Filth  Avenue  New  York, 

Cable:  Interengin,  New  York 


FERRIS  MODEL  18-B 
MICROVOLTER* 


HAROLD  J.  McCreary 


Mem.  A.I.E.E.  A  W.S.E. 
Consulting  Engineer 

]jal)oraU)ry  Facilities 

Klectronlcs 
Television 
Iladio 

llailroad  SiKiia  ii« 
Teleiihciny  ,, 

Phone  STate  4003  Chicaa<>  U 


•  Combination  of  coils  to  cover  the 
range  of  4  to  150  megacycles 

•  Output  14  ohms  continuously  varia¬ 
ble  from  a  fraction  of  a  microvolt 
to  100,000  microvolts  over  the  full 
frequency  range 

•  Ferris  transmission  line  output  sys¬ 
tem  and  resistance  attenuator 

•  Write  for  bulletin  E-18B  for  complete 
details 

•  Circulars  on  Signal  Generators  and 
Noise  Meters  are  available  on  re¬ 
quest 

*Ttcg.  U.S.  Pst  Qg. _ 


Itcscarch 

Dfvcldimient 

IKviliin 

F'actory  Practice 
Patent  .Studies 
IDS  W.  Adams  St. 


Noise  Suppression.  Apparatus  for 
telephone  lines.  B.  L.  Fisher,  Martins¬ 
ville,  Va.  No.  2,191,375. 

Wave  Transmission  System.  Horace 
Whittle,  Bell  Laboratories.  No.  2,191,- 
065. 


.  F.  H.  SHEPARD,  JR. 

rONSlTI.TINO  KNGINKKK 
ELEOTKO.N'IC  APPLICATIONS 
Specializing  In: 

Industrial  Control  Special  AniplIHcr  li'-'iP' 

Follnw  Up  Devices  Photoelectric.  Appli'  itiom 

Uadio  and  Carrier  Oiieratett  Ilemote  Cdii'rol 

6167  Cedar  Ave.,  Merohantvlllc,  N.  J- 
Telephone  Merchantville  1111 


Sound  Indicating  Apparatus.  Willard 
P.  Place  and  Frederick  C.  Smith,  Wil- 
kinsburg.  Pa.  No.  2,191,203. 


ELECTROMC^ 


POWER 


TRANSFORMERS 


AIR-COOLED 

TRANSFORMERS 

for  Voltate  reduction  Insulated  and  Auto  Types, 
from  V4  K.-V.A.  to  25  K.  V.  A. 


SIGNALLING 

TRANSFORMERS 

for  reduction  of  line  voltage  to  4,  8.  12,  16, 
20  or  24  volts  50  to  750  V.  A. 


MERCURY  VAPOR  LAMP 
TRANSFORMERS 


for  maintaining  tlie  eiact  voltage  necessary  for 
highest  Mercury  Vapor  lamp  efficiency. 


ACME  also  manufactures 

Radio  transformers  in  production  quantities, 
luminous  Tube  transformers.  Acme  Voltrol  for 
0  to  135  volt  voltage  regulation  Acme  Break¬ 
down  Tester.  Your  inquiries  solicited. 

THE  ACME  ELECTRIC  A  MFC.  CO. 
SI  Watwr  Strwwt  Cuba,  N.  Y 


Lzctrtc 

T  »  »  N  s  r  0  R  M  E  R  s 


"mdstart"  now  enable  every  recordist  easily  to  have 
his  recordings  reproduced  as  fine  commercial  press¬ 
ings  and  transcriptions.  They  are  making  and 
breaking  sales  records  with  leading  phonograph 
record  producers  and  platers  who  enthusiastically 
recommend  them  for  perfect  processing. 

•  The  exclusive,  micrometrically  uniform,  ma¬ 
chine-made  coating  of  AUDIODISC  “mae- 
ters"  produce  the  flattest,  shiniest,  press¬ 
ings. 

•  The  chemical  properties  of  AUDIODISCS 
permit  finer  grained  silvering  and  electro- 
plating. 

•  Better  HIGH  response  makes  the  sound 
qu.ilities  of  AUDIODISC  “masters*’  superior 
tor  all  commercial  and  professional  pur¬ 
poses. 

•  AL'DIODISC  “masters’*  will  solve  your 
processing  problems.  Write  for  further  in- 
foi  mation. 


Measurements.  A  means  for  making 
impedance  measurements  at  hiRh  radio 
freciuencies.  I’.  S.  Carter,  RCA.  No. 
2,1'J1,2T1. 

Dittde  (Isrillator.  A  negative  resist-  ! 
ance  device  making  use  of  a  resonant  1 
cavity  and  the  electron  transit  time  be-  ' 
tween  elements  of  the  tube.  F.  B. 
Llewellyn,  Bell  Laboratories,  No.  2,-  ' 
I'.tl  I, 

h^lectric  Dischame  Circuit.  \  means 
to  control  de-enerjrization  of  the  control  ' 
electrode  of  a  ilischarije  tube.  E.  F.  W.  , 
.■\lexander.'ion,  (l.E.Co.  No.  2,1110,759.  | 

Hearing  Aid.  William  I).  I’enn,  Dal¬ 
las,  Texas.  .\o.  2,1 91. .‘598. 

Record  Chanjier.  Paul  U.  Lannerd, 
(Jeneral  Industries  Co.  No.  2,191,214.  | 

.Xutomatic  PhonoKraph.  Paul  U.  Lan¬ 
nerd.  (leneral  Industries  Co.  No.  2,191,- 
215. 

Interference  Rejection  Receiver.  Po¬ 
tentials  of  opposite  phases  but  other¬ 
wise  substantially  identical  to  noise 
potentials  are  introduced  into  the  cir¬ 
cuit,  thereby  effectively  cancellinir 
noise.  I).  V.  Sinninirer,  Johnson  Lab- 
oiatories.  No.  2,190,850. 

Tube  Tester.  For  measurinf;  the 
ilynamic  co-efTicients  of  a  thermionic 
tube.  Floyd  E.  Wenjrer,  Ray  L.  Triplett, 
Blutfton.  No.  2,190,902. 

hJectric  Control  System.  For  con- 
trollinjr  synchronous  motors.  Elmo  E. 
Moyer.  (l.E.Co.  No.  2,190,750. 


COSMIC  KAY  PHOTOS 
MADK  AT  RKCORI) 
ALTITl  l)E 


Two  associates  of  A.  H.  Compton, 
at  the  University  of  Chicago,  made 
a  series  of  400  cosmic  roy  photo¬ 
graphs  from  an  altitude  of  29,300 
feet.  Above  15.000  feet  the  five 
men  who  occupied  the  Douglas 
transport  plane  housing  the  re¬ 
cording  equipment,  were  required 
to  use  oxygen  tanks.  The  men  were 
in  the  air  for  four  hours  over  north¬ 
ern  Illinois  in  this  test.  Left  to 
right:  Wilfred  Davis,  Dr.  Gerhard 
Herzog,  Winston  Bostwick  (kneel¬ 
ing).  Copt.  W.  E.  Lamed,  and  First 
Officer  R.  J.  Nemmers. 


Complete  UHF  Mobile  Installatioa 


TWO-WAY 

POLICE 

RADIOTELEPHONE 

★  8  AND  20  WATT  TRANSMITTERS 

★  CRYSTAL  CONTROLLED  RECEIVER  WITH 
SQUELCH  CIRCUIT  AND  NOISE  SILENCER 

it  RUGGED  AND  ECONOMICAL  DESIGN 
it  OUTSTANDING  PERFORMANCE 


Write  for  complete  technical  specifications 


KAAR  ENGINEERING  CO. 

PALO  ALTO.  CALIFORNIA 

Manuiacturers  of  High-Grade  Marine  and 
Police  Radiotelephone  Equipment 
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STANDARD  or  SPECIAL 


BARKER  &  WILLIAMSON  •  ARDMORE,  PA 


Th^  Standard 
by  Which  Others 
^\re  Judyeti 
€Bnd  V 


Kaar  EnRineeriiin  Co._. . 
Kenyon  Transfornu-r  Co. 

Kirkland  Co..  H.  K . 

Kurnian  Electric  Co.... 


Acheson  Colloids  Corp .  115 

Acme  Electric  &  Mfg.  Co .  121 

Acton  Co.,  Inc.,  H.  VV .  118 

.•\erovox  Corp .  70 

-Mden  Pro<lucts  Co .  10 1 

.■\nierican  .Automatic  Electric  Sales  Co .  90 

American  I.ava  Corp .  Ol 

-American  Microphone  Co .  100 

.American  Screw  Co .  7 

American  Transformer  Co .  59 

.\mperex  Electronic  Products,  Inc . 

Inside  Front  Cover,  1 

-Astatic  Microphone  I-ahoratory,  Inc .  95 

Audak  Company .  122 

.Audio  Devices,  Inc .  121 

-Autocall  Co .  120 

Bakelite  Corp . Inside  Hark  Cover 

llallantine  Laboratories,  Inc .  96 

Barker  &  Williamson .  122 

Belden  Mf(t.  Co .  t>5 

Benwood-Linze  Co .  118 

Biddle  Co.,  James  G .  95 

Blaw-Knox  Co .  84 

Bliley  Electric  Co .  9.1 

Bud  Radio.  Inc .  94 

Callite  Products  Division .  97 

Cannon  Electric  Development  Co .  57 

Capitol  Radio  EnRineennu  Institute .  107 

Carborundum  Co .  108 

Carter  Motor  Co .  110 

Centralab  Div.,  Globe-l’nion,  Inc .  5 

Cinch  ManufacturiiiR  Co .  55 

Clare  &  Co..  C.  P .  110 

Clarostat  MIr.  Co .  1C  7 

Cohn^  SiRmund .  100 

Continental  Screw  Co .  7 

Corbin  Screw  Corp .  7 

Cornell-Dubilier  Electric  Corp . .  52 

Cross,  II .  118 

Daven  Co .  106 

Doolittle  &  Falknor,  Inc .  9.1 

Driver  Co..  Wilbur  B .  Ill 

Du  Mont  I-aboratories.  Inc..  .Allen  11 .  114 

Du  Pont  Plastics .  85 

Dunn,  Inc.,  Struthers .  105 


I-ampkin  I-aboralories . 

I.amson  &  Sessions  Co . 

I.ansinR  .MIr.  Co . 

I-app  Insulator  Co . 

l.enz  Electric  MfR.  (a).... ... 

Lingo  &  Son,  Inc.,  John  E.... 

Mallory  &  Co..  Inc.  P.  R . 

McGraw-Hill  Book  Co.,  Inc.. 
Milieu  .NUr.  Co.,  Inc..  James. 

National  Screw  &  Mfg.  Co.  .  . 
National  Vulcanized  I'lbrc  Co. 


(Ihinile  Mir.  Co.... . 

Oxfoi'd-Tartak  Radio  Corp . 

Parker  Kalon  Corp . 

Pheoll  Mfg.  lo . 

Phillips  Screws  . . . 

Pioneer  Gen  E- Motor  Corp.. 

Precision  .Aiiparatiis  Co . 

Precision  Resistor  Co . 

Precision  rube  Co . 

Presto  RecordiiiR  Corp . 

Radio  Wire  Television.  Inc... 

RCA  Mfg.  Co . 

Raytheon  Mfg.  Co . 

Remler  Co..  I.ld . 

Rex  Rheostat  Co . 

Richardson  Co . 

Roller  .Smith  Co . 

Russell.  Biirdsall  \  Waril  Holt  .A 


ONLY  the  highest  develop-  I 
ment  in  pickups  .  .  .  and  | 
that  means  MIGRODYNE  .  .  . 
can  possibly  return  the  highest 
grade  of  performance, — CON¬ 
SISTENTLY.  Scientists  are 
absolutely  agreed  that  the 
MAGNETO-INDUCTIVE  prin¬ 
ciple  is  the  ONLY  principle 
capable  of  this.  Observe 
how ; — 

in  Radio  Stations,  Studios, — 
in  fact,  wherever  high-grade 
reproduction  is  desired — the 
MUST  specification  is 

Mil  IIOIIYXE! 

Flat  to  9000  cycles,  and  beyond — 
low  ne€Hlle  impedance — absence  of 
distortion — low  point  pressure  — 
complete  indifference  to  climatic 
chaiifces  —  sharp,  clean-cut  defini¬ 
tion  you  cannot  approach  except 
with  the  MICRODYNE  type  of 
pickup.  Yet,  for  all  its  superior 
qualities, — C  OSTS  NO  MORE 
THAN  THE  ORDINARY  PICKUP. 


S-mgamo  Klvctric  Go . 

Scovill  Mfg.  Go . 

.shakeiiroof  Link  Wa'-lu  r  ( 

Shallcross  Mfg.  Go . 

Sol.a  Electric  Go . 

Speer  Carbon  Go . 

Stackpole  Garboii  Go.  .  .  . 

.Superior  Tube  Go . 

Syiilhaiie  Gorp . 


Eby  Inc..  Hugh  II . 

Eisler  Engineering  Co . 

Eitel-McCullough,  Inc . 

hdectrical  Research  Products.  Inc. 
Electrical  Testing  Laboratories.  .  . 
Engineering  Co.  of  Newark.  N.  .1 
Erie  Resistor  Corp . 

Ferranti  Electric,  Inc . 

Ferris  Instrument  Corp . 

Formica  Insulation  Co . 

Gardiner  Metal  Co . 

General  Ceramics  Co . 

General  Electric  Co . 

General  Radio  Co . 

Goat  Radio  Tube  Parts.  Inc . 

Guardian  Electric  Mfg.  Co . 

Ilallicrafters  Inc . 

Heinemann  Circuit  Breaker  Go.. 

Ileintz  &  Kaufman  Ltd . 

Hewlett-Packard  Co . 

Hollywood  Transformer  Co . 

Hunter  Pressed  Steel  Co . 

Industrial  Art  &  Drafting  Go. . 

Industri.al  Resistors.  Inc . 

International  Nickel  Co . 

International  Resistance  Co . 

Isolantite  Inc . 

Johnson  Co..  E.  F . 

Jones,  Howard  B . 


Pelcviso  (  o . 

Thomas  &  .Skinner  Steel  Pds. 
Triplett  hdectrieal  Insirniiient 
Tubular  Rivet  &  Stud  Go . 


Universal  Microidione  ( 
Vacutron,  Inc . 


Ward  Leonard  Electric  Go... 

Western  Electric  ('o . 

Westinghoiisc  Electric  \  Mfg 
Weston  Electrical  Instrument 

Whisk  Lalmratories . 

White  Dental  -Mfg.  Go..  S.  S 
Wilev  &•  Sons  Inc.,  lohn  ... 
Wilson  Go..  H.  A... . 


Professional  Services 


SEARCHLIGHT  SECTION 

6 Classitird  .-li/;  er'i.tiiii;  • 

EMPLOYMENT  . 

EQUIPMENT  FOR  SALK 

Eisler  Electric  Gorp . 

Kahle  Engineering  Gorp . 


Don’t  be  satisfied  —  YOURSELF  — 
with  anything  less  than  MICRO- 
DYISE! 


List  prices  from 


$12.30  (o  $1-10.00 


Ask  B&W  First! 


These  specially-designed  BAW  Coils,  used  in 
conjunction  with  Cardwell  Condensers,  were 
adopted  as  standard  In  the  SO  two-way  transmit¬ 
ters  engineered  by  Lieut.  A.  A.  Kirchner.  in  eon- 
lultation  with  Rlul  Bros.,  Inc.,  for  the  Grand 
Rapids  Police  Department. 

No  matter  what  YOUR  requirements — aircraft, 
marine,  police,  commercial,  diatnermy,  general 
communications  or  amateur— chances  are  you  oan 
select  the  coil  you  need  from  the  I2S  standard 
B&W  ^pes.  If  not.  we  will  gladly  cooperate  in 
designing  the  proper  coil  for  your  special  require¬ 
ments. 


Write  for  Latest  Literature 


AUDAK  COHiPAlYY 

500  Fifth  Avenue 


New  York  Gly 

"Creators  of  High  Grade  Electrical 
and  Acoustical  Apparatus  Since  1915” 


We  will  shortly  tell  you  about 

still  another  AUDAX 

develop- 

ment  in  CUTTERS  .  . 

I  .  .  and 

WHAT  A  CUTTER! 

122 
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